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Applicants submit this Appeal Brief in accordance with 37 C.F.R. § 41.37. 

I. REAL PARTY IN INTEREST 

The real party in interest is ELA MEDICAL S.A.S., a corporation organized and existing 
under and by virtue of the laws of France, and having its principal place of business at 98 Rue 
Maurice- Arnoux, F-92120, Montrouge France, the assignee of record, which is a subsidiary of 
Sorin S.p.A. Via Benigno Crespi, 17, 20159 Milano, Italy. 

II. RELATED APPEALS AND INTERFERENCES 
None. 

III. STATUS OF CLAIMS 

Claims 1-13 are pending in the application. Claims 1-13 stand rejected and each is 
appealed. 

IV. STATUS OF AMENDMENTS 

Applicants filed a response after final action on February 13, 2008. In the response, 
Applicants traversed the rejection of claims 1-13 under 35 U.S.C. § 1 12, first paragraph; 
traversed the rejection of claims 1-5 and 1 1-13 under U.S.C. § 102(b); and traversed the 
rejection of claims 6-10 under U.S.C. § 103(a). The Examiner did not file a written reply to 
Applicants' response after final action, but after a telephone conference on July 22, 2008, the 
Examiner indicated by voicemail on July 24, 2008 her intention to maintain the rejection of 
claims 1-13 under § 1 12, first paragraph. Further attempts to reach the Examiner regarding the 
other grounds for her rejections were not responded to. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

There is one independent claim to a defined apparatus (claim 1), 9 dependent claims to 
the apparatus of claim 1 (claims 2-6, 8-10, and 13); 2 dependent claims to the apparatus of claim 
2 (claims 1 1-12); and 1 dependent claim to the apparatus of claim 6 (claim 7). 

Claim 1 is directed to an active implantable medical device for measuring and processing 
ventilatory activity and hemodynamic activity, and then treating any detected apnea or hypopnea. 
(page 1, lines 2-6; page 3, 12-16) Such a device includes (1) means for measuring respiratory 
activity having an output signal representative of ventilatory activity of the patient (page 4, lines 
9-14; page 7, lines 3-12); (2) means for analyzing the ventilatory activity signal and detecting an 
occurrence of a respiratory apnea and an occurrence of a respiratory hypopnea (page 4, lines 9- 
14; page 8, lines 1-7); (3) means for measuring a hemodynamic state having an output 
hemodynamic signal representative of the contractility of the myocardium (page 4, lines 15-20; 
page 8, line 13 to page 9, line 3); (4) means for analyzing the hemodynamic signal and detecting 
an occurrence of a variation of the contractility (page 4, lines 15-20; page 8, lines 8-12; page 5, 
lines 4-5); (5) means for determining whether the detected contractility variation is significant 
(page 4, lines 15-20; page 11, lines 4-9); and (6) means for conditionally modifying an 
operating parameter of the device to treat a detected apnea or hypopnea when said detected 
contractility variation is significant (page 3, 17-22; page 4, lines 15-20; page 5, lines 6-9). 

The corresponding structure for the (1) "means for measuring respiratory activity" and 
the (2) "means for analyzing the ventilatory activity signal" consists of "an implantable medical 
device that includes circuit structure and functionality able to measure the respiratory activity 
and deliver a signal representative of ventilatory activity of the patient" and "circuit means for 
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analyzing the ventilatory activity signal," both of the type that described by European Patent No. 
EP 0 970 713 and U.S. Patent No. 6,574,507. (page 4, lines 9-14). 

The corresponding structures for the (3) "means for measuring a hemodynamic state" are 
"an endocardial acceleration sensor of the type PEA" as described in European Patent No. EP 0 
515 3 19 and U.S. Patent Nos. 5,304,208, 5,454,838, and 5,496,351 and for sale under the trade 
name Living CHF and Best by Sorin Biomedica Cardio SpA (page 8, line 13-20) and "a sensor 
of endocardiac impedance" such as "transvalvular bio-impedance", as described by European 
Patent No. EP 1 116 497 and U.S. Patent No. 6,604,002 or "trans-septum bio-impedance," as 
described by European Patent No. EP 1 138 346 and U.S. Patent Publication No. 2001/0034540 
(page 8, line 20 to page 9, line 3). 

The corresponding structure to the (4) "means for analyzing the hemodynamic signal"; 

(5) "means for determining whether the detected contractility variation is significant"; and 

(6) "means for conditionally modifying an operating parameter of the device to treat a detected 
apnea or hypopnea" consists of an "active implantable medical device[] available from Ela 
Medical, Montrouge France" that is a "microprocessor-based systemf] having circuits for 
receiving, conditioning and processing detected electrical signals, . . . that [is] capable of 
receiving software instructions . . ., storing them in memory, and then executing those 
instructions to perform the [claimed] functions" (page 11, lines 14-19), and circuits for 
delivering stimulation pulses and multisite stimulation pulses as described in United States 
Patent No. 6,253,206 (page 3, lines 14-22, page 5, line 21 to page 6, line 4). 

Claim 2 is directed to the active implantable medical device of claim 1 wherein the 
(5) means for determining whether the contractility variation is significant further comprises 
means for operating said analyzing means to analyze said hemodynamic signal detected after 
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detection of said apnea or hypopnea (page 5, lines 7-8). The corresponding structure to said 
"means for operating said analyzing means" consists of an "active implantable medical device[] 
available from Ela Medical, Montrouge France" that is a "microprocessor-based system[] having 
circuits for receiving, conditioning and processing detected electrical signals, . . . that [is] 
capable of receiving software instructions . . ., storing them in memory, and then executing those 
instructions to perform the [claimed] functions" (page 11, lines 14-19). 

Claim 2 is directed to the active implantable medical device of claim 1 wherein the 
(5) means for determining whether the contractility variation is significant further comprises 
means for operating said analyzing means to analyze said hemodynamic signal detected before 
detection of said apnea or hypopnea (page 5, lines 7-8). The corresponding structure to said 
"means for operating said analyzing means" consists of an "active implantable medical device[] 
available from Ela Medical, Montrouge France" that is a "microprocessor-based system[] having 
circuits for receiving, conditioning and processing detected electrical signals, . . . that [is] 
capable of receiving software instructions . . ., storing them in memory, and then executing those 
instructions to perform the [claimed] functions" (page 11, lines 14-19). 

Claim 4 is directed to the active implantable medical device of claim 1 wherein the 
(3) hemodynamic measuring means further comprises means for measuring an intracardiac 
impedance, (page 5, lines 4-5.) The corresponding structures to the (3) "hemodynamic 
measuring means" are "an endocardial acceleration sensor of the type PEA" as described in 
European Patent No. EP 0 515 319 and U.S. Patent Nos. 5,304,208, 5,454,838, and 5,496,351 
and for sale under the trade name Living CHF and Best by Sorin Biomedica Cardio SpA (page 8, 
line 1 3-20), and "a sensor of endocardiac impedance" such as "transvalvular bio-impedance", as 
described by Eupropean Patent No. EP 1 116 497 and U.S. Patent No. 6,604,002 or "trans- 
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septum bio-impedence," as described by European Patent No. EP 1 138 346 and U.S. Patent 
Publication No. 2001/0034540 (page 8, line 20 to page 9, line 3). 

Claim 5 is directed to the active implantable medical device of claim 1 wherein the 
(3) hemodynamic measuring means further comprises means for measuring an endocardial 
acceleration, (page 5, lines 4-5.) The corresponding structures to the (3) "hemodynamic 
measuring means" are "an endocardial acceleration sensor of the type PEA" as described in 
European Patent No. EP 0 515 3 19 and U.S. Patent Nos. 5,304,208, 5,454,838, and 5,496,351 
and for sale under the trade name Living CHF and Best by Sorin Biomedica Cardio SpA (page 8, 
line 13-20), and "a sensor of endocardiac impedance" such as "transvalvular bio-impedance," as 
described by European Patent No. EP 1 116 497 and U.S. Patent No. 6,604,002 or "trans-septum 
bio-impedance," as described by European Patent No. EP 1 138 346 and U.S. Patent Publication 
No. 2001/0034540 (page 8 line 20 to page 9 line 3). 

Claim 6 is directed to the active implantable medical device of claim 1 wherein said 
operating parameter has a first value and said conditionally modifying means further comprises 
means for modifying in a temporary manner said operating parameter to a second value different 
from said first value, (page 10, lines 15-20.) The corresponding structure to "means for 
modifying in a temporary manner said operating parameter" consists of an "active implantable 
medical device[] available from Ela Medical, Montrouge France" that is a "microprocessor- 
based systemf] having circuits for receiving, conditioning and processing detected electrical 
signals, . . . that [is] capable of receiving software instructions . . ., storing them in memory, and 
then executing those instructions to perform the [claimed] functions" (page 11, lines 14-19). 

Claim 7 is directed to the active implantable medical device of claim 6 wherein said 
(6) conditionally modifying means further comprises means for restoring said operating 
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parameter to said first value in response to said hemodynamic signal analysis means no longer 
detecting a variation of myocardium contractility, (page 10, lines 10-14). The corresponding 
structure to "means for restoring said operating parameter to said first value" consists of an 
"active implantable medical device[] available from Ela Medical, Montrouge France" that is a 
"microprocessor-based system [] having circuits for receiving, conditioning and processing 
detected electrical signals, . . . that [is] capable of receiving software instructions . . ., storing 
them in memory, and then executing those instructions to perform the [claimed] functions" (page 
11, lines 14-19). 

Claim 8 is directed to the active implantable medical device of claim 1 wherein said 
operating parameter is a stimulation frequency, and said conditional modification is an increase 
in response to a detected significant variation and a detected apnea or hypopnea. (page 5, lines 

11-13.) 

Claim 9 is directed to the active implantable medical device of claim 1 wherein said 
operating parameter is an atrio-ventricular delay and said conditional modification is a shortened 
delay in relation to a detected significant variation and a detected apnea or hypopnea. (page 5, 
lines 14-16.) 

Claim 10 is directed to the active implantable medical device of claim 1 wherein said 
device further comprises means for stimulating a patient's heart having at least a first stimulation 
mode for delivering a multisite stimulation, wherein said operating parameter is a mode of 
cardiac stimulation, and said conditional modification comprises means for operating said 
stimulation means to trigger a multisite stimulation in relation to said detected significant 
variation and a detected apnea or hypopnea. (page 5, line 17 to page 6, line 4.) The 
corresponding structure to "means for stimulating a patient's heart" and "means for operating 
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said stimulation means to trigger a multisite stimulation" consists of a "multisite stimulation 
mode" as described in U.S. Patent No. 6,253,106. (page 5, line 21 to page 6, line 4). 

Claim 1 1 is directed to the active implantable medical device of claim 2 wherein the 
(4) hemodynamic signal analyzing means further comprises means for comparing a first 
hemodynamic signal measured during a cardiac cycle following the respiratory cycle during 
which the apnea or hypopnea was detected, with an average of the hemodynamic signals 
acquired prior to said respiratory cycle, (page 6, lines 5-8.) The corresponding structure to 
"means for comparing a first hemodynamic signal" consists of an "active implantable medical 
device[] available from Ela Medical, Montrouge France" that is a"microprocessor-based 
system[] having circuits for receiving, conditioning and processing detected electrical signals, . . 
. that [is] capable of receiving software instructions . . ., storing them in memory, and then 
executing those instructions to perform the [claimed] functions" (page 11, lines 14-19). 

Claim 12 is directed to the active implantable medical device of claim 2 wherein the 
hemodynamic signal analyzing means further comprises means for comparing a first 
hemodynamic signal measured after a plurality of cardiac cycles following the respiratory cycle 
during which the apnea or hypopnea was detected with an average of the hemodynamic signals 
acquired prior to said respiratory cycle during which the apnea or hypopnea was detected, (page 
6, lines 9-13.) The corresponding structure to "means for comparing a first hemodynamic 
signal" consists of an "active implantable medical device[] available from Ela Medical, 
Montrouge France" that is a "microprocessor-based system[] having circuits for receiving, 
conditioning and processing detected electrical signals, . . . that [is] capable of receiving software 
instructions . . ., storing them in memory, and then executing those instructions to perform the 
[claimed] functions" (page 11, lines 14-19). 
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Claim 13 is directed to the active implantable medical device of claim 1 wherein said 
device further comprises means for comparing a detected contractility variation to a reference 
threshold, and determining a significant variation in response to said contractility variation being 
greater than said threshold, (page 9, lines 12-18.) The structure for "means for comparing a 
detected contractility variation" consists of an "active implantable medical device[] available 
from Ela Medical, Montrouge France" that is a "microprocessor-based system[] having circuits 
for receiving, conditioning and processing detected electrical signals, . . . that [is] capable of 
receiving software instructions . . ., storing them in memory, and then executing those 
instructions to perform the [claimed] functions" (page 11, lines 14-19). 
VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Whether claims 1-13 are unpatentable under 35 U.S.C. § 1 12, first paragraph. 

Whether claims 1-5 and 1 1-13 are unpatentable under 35 U.S.C. § 102(b) over Street et 
al., European Patent No. EP 1,157,718 (hereinafter "Street"). 

Whether claims 6-10 are unpatentable under 35 U.S.C. § 103(a) over Street in light of 
Hartley et al., U.S. Patent No. 6,161,042 (hereinafter "Hartley") and Bonnet, U.S. Patent No. 
6,574,507 (hereinafter "Bonnet"). 
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VII ARGUMENT 

Applicants respectfully traverse the rejection of claims 1-13 and request that this Appeal 
be sustained in its entirety. 

A. The Section 112, First Paragraph Rejections of Claims 1-13 

Claims 1-13 were rejected under 35 U.S.C. § 1 12, first paragraph, as allegedly lacking a 
written description with respect to treatment of "a detected apnea or hypopnea" (Final Action at 

2). 

1. The Section 112, Paragraph 1 Written Description Requirement 

To fulfill the written description requirement, a patent specification must describe an 
invention and do so in sufficient detail that one skilled in the art can clearly conclude that "the 
inventor invented the claimed invention." Lockwood v. Am. Airlines, Inc. , 107 F.3d 1565, 1572, 
41 U.S.P.Q.2d 1961, 1966 (Fed. Cir. 1997); In re Gosteli . 872 F.2d 1008, 1012, 10 U.S.P.Q.2d 
1614, 1618 (Fed.Cir. 1989)("[T]he description must clearly allow persons of ordinary skill in the 
art to recognize that [the inventor] invented what is claimed.") 

Important here is that the specification need only "contain an equivalent description 
of . . . claimed subject matter." Lockwood , 107 F.3d at 1572, 41 U.S.P.Q.2d at 1966. Claimed 
subject matter need not be described in haec verba to satisfy the requirement. In re Smith , 481 
F.2d 910, 914 (C.C.P.A. 1973); Lockwood , 107 F.3d at 1572, 41 U.S.P.Q.2d at 1966. An 
inherent disclosure is sufficient, provided that any missing descriptive matter is "present in 
the . . . specification such that one skilled in the art would recognize such a disclosure." In re 
Smith , 481 F.3dat914. 
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2. Claim 1 

Claim 1 recites: 

1 . An active implantable medical device comprising: 

means for measuring respiratory activity having an output 
signal representative of ventilatory activity of the patient; 

means for analyzing the ventilatory activity signal and 
detecting an occurrence of a respiratory apnea and an occurrence 
of a respiratory hypopnea; 

means for measuring a hemodynamic state having an output 
hemodynamic signal representative of the contractility of the 
myocardium, means for analyzing the hemodynamic signal and 
detecting an occurrence of a variation of the contractility; 

means for determining whether the detected contractility 
variation is significant; and 

means for conditionally modifying an operating parameter of 
the device to treat a detected apnea or hypopnea when said 
detected contractility variation is significant. 

U.S. Patent Application No. 10/693,833 cl. 1 (emphasis added). The only claimed matter alleged 

by the Examiner to be lacking section 1 1 2, paragraph 1 written description support is the phrase 

"to treat a detected apnea or hypopnea." (Final Action at 2.) All of claims 1-13 will stand or fall 

together with respect to the written description rejection because all of the dependent claims 2- 

1 3 necessarily include this same limitation. Because this limitation is sufficiently described in 

the specification, the rejection for lack of written description should be reversed with respect to 

all of claims 1-13. 

3. The Specification 

The Specification states, in relevant part: 

The starting point of this invention lies in the observation by the inventors 
that a systematic increase of the heart rate in response to a detection of apnea 
or hypopnea is not always a suitable treatment. Indeed, it has been reported 
that for certain patients the apnea or hypopnea could be followed by an adrenergic 
reaction. Such a reaction naturally induces a light tachycardia and a significant 
increase in blood pressure, sufficient to compensate for the fall of the ventilatory 
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activity. Among these patients, the myocardium thus can react naturally by 
adapting its contractility so as to increase the blood flow. In this way, the 
myocardium maintains the blood appreciably at the same level of oxygen 
saturation. 

Ideally, to decide whether or not it is necessary to apply to the 
myocardium a stimulation at a frequency higher than the natural sinusal 
rate/rhythm of the patient, the best criterion would be a direct measurement of 
oxygen saturation in blood. Then, the stimulation would be started only in the 
event of a proven and significant desaturation. But such a direct measurement of 
oxygen saturation is difficult to implement in a simple and permanent manner in 
the context of an active implanted medical device, given the current state of the 
art. 

Objects and Summary of the Invention 

Broadly, the present invention proposes to overcome the aforementioned 
deficiency in the treatment of the apnea and the hypopnea by estimating 
variation of contractility of the myocardium by use of an hemodynamic sensor. 
Thus, in the event of a detected anomaly in the respiratory activity (i.e., an apnea 
or hypopnea), before taking any therapeutic action, the device estimates 
whether or not there was a correlative modification of the myocardium 
contractility. 

1. If the hemodynamic sensor indicates the occurrence of a notable 
hemodynamic fall, revealing that the myocardium could not naturally adapt its 
contractility following the anomaly, or did not adapt sufficiently, then the device 
takes an action in order to compensate for the oxygen desaturation induced 
by the respiratory disorder. For example, if the hemodynamic fall and 
associated inadequate myocardium contractility follows an apnea or an hypopnea, 
then a stimulation is triggered at a frequency that is higher than the natural 
sinusal rate/rhythm. 

(Specification at 2-3) (emphasis added). A person of ordinary skill in the art would understand 
from reading at least the above-quoted portion of Applicants' specification that there is an 
unambiguous written description to treat apnea (i.e., a SAS or Sleep Apnea Syndrome) and 
hypopnea. Specifically, Applicants disclosed in writing that "a systematic increase of the heart 
rate in response to a detection of an apnea or hypopnea is not always a suitable treatment," 
thereby telling persons skilled in the art that the invention disclosure is directed to a solution to 
this treatment problem, a more suitable "treatment" of such a detected apnea or hypopnea. 
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Further, the specification describes taking "therapeutic action" or an "action" (i.e., a 
treatment) in response to an apnea or hypopnea in combination with the significant contractility 
measure, to provide a suitable treatment of that detected apnea or hypopnea (Specification at 2). 
The specification goes on to explain that the "action" is taken "in order to compensate for the 
oxygen desaturation induced by the respiratory disorder" thereby treating the apnea or hypopnea, 
because, as the specification explains, "[t]he interruption or the reduction of the respiratory flow 
[i.e., apnea or hypopnea] involves a reduction in the oxygen concentration of blood (also known 
as the oxygen saturation)." (Id.) The treatment is specifically described as "a stimulation . . . 
triggered at a frequency that is higher than the natural sinusal rate/rhythm." (Id.) 

Moreover as noted, the applicable law does not require that the claim language appear in 
haec verba in the specification to satisfy the written description requirement, although Applicants 
submit that it essentially is so found here, so long as there is equivalent or inherent disclosure, 
and would be so understood by a person of ordinary skill in the art. 

In view of the foregoing, we respectfully submit that Applicants have provided a 
sufficient written description for the claimed subject matter and that the Examiner's rejections 
under section 112, paragraph 1 should be withdrawn. 

B. The Section 102(b) Rejections of Claims 1-5 and 11-13 

Claims 1-5 and 1 1-13 were rejected under 35 U.S.C. § 102(b) as being clearly 
anticipated by Street. 

"[A] claim is anticipated if each and every limitation is found either expressly or 
inherently in a single prior art reference." Celeritas Techs., Ltd. v. Rockwell Int'l. Corp. , 150 
F.3d 1354, 1361,47 U.S.P.Q.2d 1516, 1 522 (Fed. Cir. 1998). The standard for lack of novelty, 
that is, for "anticipation," is one of strict identity. Trintec Indus., Inc. v. Top-U.S.A. Corp. , 295 
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F.3d 1292, 1296, 63 U.S.P.Q.2d 1597, 1600 (Fed. Cir. 2002). 

Although the Examiner is correct that Street discloses an apparatus for monitoring 
periodic breathing as an indication of changes in the hemodynamic status of the heart, Street 
does not teach or suggest any functionality or structure for using the data acquired during 
monitoring to actually treat a detected apnea or hypopnea when said detected contractility 
variation is significant, as called for in claim 1 . Rather, Street teaches to treat a different 
indication, namely, congestive heart failure, by ACE inhibitors, diuretics, digitalis, heart 
transplant, aerobic exercise or cardiac pacing. See Street [0006]-[0007]. Thus, because Street 
fails to disclose each and every element in claim 1 , the Examiner's rejection should be 
withdrawn. 

In addition, Street does not teach or suggest to use the combination of a detected apnea 
or hypopnea and a significant contractility variation to conditionally modify any operating 
parameter to treat the detected apnea or hypopnea, as required by claim 1 . The Examiner 
correctly notes that Street teaches various techniques ("any of four physiologic parameters") to 
identify when a Periodic Breathing condition exists. A Periodic Breathing event can then be 
used — in an unexplained and non-enabled manner — "to recognize and facilitate the early 
termination of a developing exacerbation [citation omitted]" (Final Action at 3) of a cardiac 
insufficiency — i.e., congestive heart failure. However, nowhere does the Street reference 
disclose determining a contractility variation, let alone where it is a significant contractility 
variation, and the Examiner was unable to point to any such reference. 

The Examiner referred to Street Fig. 2 as teaching "the contractility variation is analyzed 
before and after detection of hypopnea." We respectfully disagree. As we understand Street, a 
plain reading of the description of Fig. 2 demonstrates that what is depicted in Fig. 2 is no more 
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than determining whether a Periodic Breathing condition exists in a particular embodiment. 
Street [0029]-[0036]. Nowhere does Street teach or suggest to combine a detected apnea or 
hypopnea with a determined significant contractility variation to conditionally modify an 
operating parameter to treat a detected apnea or hypopnea. For this additional reason, the 
Examiner's rejection of claim 1 should be withdrawn. 

Claims 2-13 depend from claim 1 and are allowable for at least the same reason that 
claim 1 is allowable. Accordingly, claims 2-13 also should be allowed. 

C. The Section 103(a) Rejections of Claims 6-10 

Dependent claims 6-7 were rejected under 35 U.S.C. § 103(a) as being rendered obvious 
by Street in view of Hartley; dependent claim 8 was rejected under 35 U.S.C. § 103(a) as being 
rendered obvious by Street in view of Bonnet; and dependent claims 9-10 were rejected under 
35 U.S.C. § 103(a) as being rendered obvious by Street. 

To establish a prima facie case of obviousness, there must be: (1) some suggestion or 
motivation, either in the references themselves or in the knowledge generally available to one of 
ordinary skill in the art, to modify the reference or to combine references teachings; (2) a 
reasonable expectation of success; and (3) prior art references which teach or suggest all of the 
claim limitations. See In re Kotzab , 217 F.3d 1365, 1370 (Fed. Cir. 2000); MPEP § 2143 (8th 
Ed., Rev. 1). As discussed above, Street fails to disclose the means element found in 
independent claim 1 for "conditionally modifying an operating parameter of the device to treat a 
detected apnea or hypopnea when said detected contractility variation is significant." Moreover, 
Bonnet and Hartley, the secondary references cited by the Examiner in this Office action, both 
fail to disclose this feature, and thus do not cure the deficiency of the primary reference. Thus, 
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Street, when considered alone or in combination with either Bonnet or Hartley, or both, fails to 
disclose all the elements taught in amended claim 1. 

Furthermore, none of the references would motivate one to modify any of the other 
references to include this functionality. Although Street discloses monitoring periodic breathing, 
none of the references disclose any means for applying a therapy to treat the apnea or hypopnea 
as claimed in claim 1 . Indeed, Hartley discloses a rate adaptive cardiac rhythm management 
device that fails to address the issue of periodic breathing. Bonnet discloses a method for 
treating apneas, but fails to disclose any method or functionality for detecting and treating 
hypopneas. And, as discussed above, Street only discloses an apparatus and method for 
monitoring periodic breathing and fails to disclose any functionality or structure for applying a 
therapy when changes are detected. Here, the prior art references, even when combined, and we 
submit that there is no proper basis to combine them, provide no suggestion of desirability in 
making the combination as evidenced by their failure to disclose all of the elements taught in 
amended claim 1 . 
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C. CONCLUSION 

Applicants respectfully submit that, in view of the foregoing, they have made a 
patentable contribution to the art. It is respectfully requested that the Board reverse the 
Examiner on the issues presented on appeal in this Brief and withdraw the rejections of claims 1- 
13. 
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CLAIMS APPENDIX 
I. Claims Involved in This Appeal 

1 . An active implantable medical device comprising: 

means for measuring respiratory activity having an output signal representative of 
ventilatory activity of the patient; 

means for analyzing the ventilatory activity signal and detecting an occurrence of a 
respiratory apnea and an occurrence of a respiratory hypopnea; 

means for measuring a hemodynamic state having an output hemodynamic signal 
representative of the contractility of the myocardium, means for analyzing the hemodynamic 
signal and detecting an occurrence of a variation of the contractility; 

means for determining whether the detected contractility variation is significant; and 

means for conditionally modifying an operating parameter of the device to treat a 
detected apnea or hypopnea when said detected contractility variation is significant. 

2. The device of claim 1 , wherein means for determining whether the contractility 
variation is significant further comprises means for operating said analyzing means to analyze 
said hemodynamic signal detected after detection of said apnea or hypopnea. 

3. The device of claim 1, wherein the means for determining whether the 
contractility variation is significant further comprises means for operating said analyzing means 
to analyze said hemodynamic signal detected before detection of said apnea or hypopnea. 

4. The device of claim 1 , wherein the hemodynamic measuring means further 
comprises means for measuring an intracardiac impedance. 

5. The device of claim 1 , wherein the hemodynamic measuring means further 
comprises means for measuring an endocardial acceleration. 
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6. The device of claim 1 , wherein said operating parameter has a first value and said 
conditionally modifying means further comprises means for modifying in a temporary manner 
said operating parameter to a second value different from said first value. 

7. The device of claim 6, wherein said conditionally modifying means further 
comprises means for restoring said operating parameter to said first value in response to said 
hemodynamic signal analysis means no longer detecting a variation of myocardium contractility. 

8. The device of claim 1 , wherein said operating parameter is a stimulation 
frequency, and said conditional modification is an increase in response to a detected significant 
variation and a detected apnea or hypopnea. 

9. The device of claim 1 , wherein said operating parameter is an atrio-ventricular 
delay and said conditional modification is a shortened delay in relation to a detected significant 
variation and a detected apnea or hypopnea. 

1 0. The device of claim 1 , wherein said device further comprises means for 
stimulating a patient's heart having at least a first stimulation mode for delivering a multisite 
stimulation, wherein said operating parameter is a mode of cardiac stimulation, and said 
conditional modification comprises means for operating said stimulation means to trigger a 
multisite stimulation in relation to said detected significant variation and a detected apnea or 
hypopnea. 

1 1 . The device of claim 2, wherein the hemodynamic signal analyzing means further 
comprises means for comparing a first hemodynamic signal measured during a cardiac cycle 
following the respiratory cycle during which the apnea or hypopnea was detected, with an 
average of the hemodynamic signals acquired prior to said respiratory cycle. 

12. The device of claim 2, wherein the hemodynamic signal analyzing means further 
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comprises means for comparing a first hemodynamic signal measured after a plurality of cardiac 
cycles following the respiratory cycle during which the apnea or hypopnea was detected with an 
average of the hemodynamic signals acquired prior to said respiratory cycle during which the 
apnea or hypopnea was detected. 

1 3 . The device of claim 1 , wherein said device further comprises means for 
comparing a detected contractility variation to a reference threshold, and determining a 
significant variation in response to said contractility variation being greater than said threshold. 
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Street et al., European Patent No. EP 1,157,718. 
Hartley et al., U.S. Patent No. 6,161,042. 
Bonnet, U.S. Patent No. 6,574,507. 



160466X42 2 



21 



APPENDIX #1 



EP Patent No. 1,157,718 A2 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(43) Date of publication: 

28.11.2001 Bulletin 2001/48 



(11) EP 1 157 718 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: A62B 7/14 



(21) Application number; 011 12020.1 

(22) Date of filing: 23.05.2001 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Hager, Charles Bradley 


MC NL PTSETR 


Davenport, Iowa 52807 (US) 


Designated Extension States: 


* Dailey, Kevin Michael 


AL LT LV MK RO SI 


Rock Island, Illinois 61201 (US) 


(30) Priority: 23.05.2000 US 576050 


(74) Representative: Miiller . Hoffmann & Partner 
Patentanwalte 


(71) Applicant: LITTON SYSTEMS, INC. 


Innere Wiener Strasse 17 


Woodland Hills, California 91367 (US) 


81667 Munchen (DE) 



(54) Linear gas valve cycle control, shut-off-valve and self test 



(57) A control system for controlling a gas generat- 
ing system including at least two molecular sieve beds 
comprises a linear valve having a housing which in- 
cludes an inlet connected to the gas generating system, 
a first port connected to a first of the at least two molec- 
ular sieve beds, a second port for exhaust, and a third 
port connected to a second of the at least two molecular 
sieve beds, Said inlet and said first, second and third 
parts areall in communication with a slide chamber hav- 



ing a slide block positioned in said slide chamber. The 
control system further comprises a push-pull device 
which is mounted to said housing for moving said slide 
block in a first direction and in a second direction, a sen- 
sor positioned at opposite ends of said slide chamber 
for sensing the position of said slide block in said slide 
chamber, and a controller for receiving information from 
said sensing device and for controlling said push-pull 
device. 



FIG. 1 
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Description 

Field of the Invention 

[0001] The present invention relates generally to gas 
valves, and more particularly, to a linear gas valve in 
which the position of a slide block housed therein can 

be detected. 

Background of the Invention 

[0002] On Board Inert Gas Generating Systems 
(OBIGGS) or On Board Oxygen Generating Systems 
(OBOGS) utilize molecular sieve by employing a pres- 
sure swing adsorption (PSA) process that has been 
used for many years to generate either nitrogen or ox- 
ygen product sequentially, respectively. This process of 
sequential pressurization and venting is the PSA proc- 
ess. This PSA technology uses conditioned engine 
bleed air fed through the valve to pressurize molecular 
sieve contained in each of a number of canisters. After 
a predetermined period of time, a valve changes state, 
venting the one pressurized canister and then pressu- 
rizing the next canister. Previous PSA systems have 
been controlled by a rotary valve which is controlled by 
a valve and driven by a fixed or variable speed motor. 
[0003] Recent PSA systems utilize a linear 4-way 
slide valve, which connects, input air with one canister, 
while connecting a vent port with another canister. The 
valve changes state, which connects the vent port with 
the first canister and simultaneously connecting the sec- 
ond canister with the input air, 
[0004] The linear valve used on typical PSA systems 
is pneumatically operated using control pilot gas from 
miniature pilot solenoid valves and are opened and 
closed using solid state electronics which are housed in 
an EMI shielded enclosure. The pilot solenoids provide 
gas pressure to two gas cylinders, which are connected 
to a sliding block. The block slides across a mating plate 
with three openings or ports. The ports are constructed 
in a straight line. The outer ports are equal-distance from 
center port. The sliding block has an undercut, which 
acts as a flow path. The flow path is sized to connect 
two of the three ports at any one point in time. A con- 
troller is set to open and close the miniature pilot valves 
at a predetermined time or "cycle time". 
[0005] The PSA device functions by forcing the unde- 
sired gas molecules into "sites" in the molecular sieve. 
The cycle time of the PSA process is largely determined 
by what purity is desired of the product gas. Using the 
linear valve, the slide block is controlled to provide the 
air to the desired canister and simultaneously vent the 
other canister. If the slide block slows down the resulting 
purity changes. 

[0006] Airborne OBOGS systems usually have oxy- 
gen monitors to detect oxygen purity degradation and 
alarm the operator/pilot of a failure to produce desired 
oxygen. There are a number of internal and external 



conditions which result in poor oxygen. One internal 
condition which would cause poor purity would be a slide 
valve, which did not change state or changed state slow- 
er than desired. Airborne OBIGGS systems do not have 

5 nitrogen monitors. Some systems use an oxygen mon- 
itor and infer the nitrogen purity from the amount of re- 
sidual oxygen in the product system. Nitrogen product 
purity is affected in the same manner as oxygen product 
purity if the slide valve fails to operate properly. External 

10 conditions which cause oxygen purity degradation in- 
clude ambient temperature, below normal operating 
pressure, sieve degradation, moisture, etc. 
[0007] The PSA process handles moisture entrained 
in the air during normal operation. If moisture enters the 

'5 system through the air system, when the PSA process 
is not operating, the result is permanent damage to the 
molecular sieve. Damaged sieve does not separate air. 
Many OBOGS and OBIGGS systems have separate 
shut-off valves which prevent the entrance of air into the 

20 molecular sieve beds when the system is not operating. 
Thus, a need exists in the art for a linear valve having a 
slide block in which the current position of the slide block 
can be detected. Another need exists for a linear valve 
in which the separate shut-off valve is eliminated. 

Summary of the Invention 

[0008] It is, therefore, an object of the present inven- 
tion to provide a linear valve and control system in which 
30 the location of the slide block is monitored to trouble 
shoot performance problems before they occur. 
[0009] Another object of the present invention is to 
provide a linear valve having a slide block in which the 
position is monitored by a sensing device. 
35 [0010] Another object of the present invention is to 
provide a linear valve in which a shutoff valve is elimi- 
nated between the linear valve and an air source. 
[0011] The present invention relates to detecting the 
state of a slide block positioned in a linear valve and 
*o using the position of the slide block to predict the health 
of a linear valve and provide information to a controller/ 
monitor. An operator is provided with information before 
failure occurrence to allow preventative maintenance of 
the linear valve. 
4 5 [0012] The linear valve is constructed with two canis- 
ter ports and a vent port. The slide block can be con- 
structed to block the two canister ports and vent port 
simultaneously. The system can control the position of 
the block, when provided with position information, 
so hence, using the slide block as a shutoff valve. The typ- 
ical slide valve can be used as an integral slide shutoff 
valve, reducing system complexity and reducing system 
weight, which is critical to airborne applications. 
[0013] These and other objects of the present inven- 
ts tion are achieved by a control system for controlling a 
gas generating system including at least two molecular 
sieve beds. A linear valve has a housing including an 
inlet connected to the gas generating system and a first 
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port connected to a first of the at least two molecular 
sieve beds, a second port for exhaust, and a third port 
connected to a second of the at least two molecular 
sieve beds. The inlet, the first, second and third ports 
are all in communication with a slide chamber in the 
housing. A slide block is positioned in the slide chamber. 
A push-pull device is mounted to the housing for moving 
the slide block in a first direction and in a second direc- 
tion. A sensor is positioned at opposite ends of the slide 
chamber for sensing the position of the slide block in the 
slide chamber. A controller is provided for receiving in- 
formation from the sensing device and for controlling the 
push-pull device. 

[0014] The foregoing and other objects of the present 
invention are also achieved by a linear valve including 
a housing. The housing includes an inlet connected to 
a gas generating system and a first port connected to a 
first of at least two molecular sieve beds, a second port 
for exhaust, and a third port connected to a second of 
the at least two molecular sieve beds, with the inlet, the 
first, second and third ports all in communication with a 
slide chamber in the housing with a slide block posi- 
tioned in the slide chamber. A push-pull device is mount- 
ed to the housing for moving the slide block in a first 
direction and in a second direction. A sensor is posi- 
tioned at opposite ends of the slide chamberforsensing 
the position of the slide block in the slide chamber. 
[001 5] The foregoing and other objects of the present 
invention are also achieved by a method of monitoring 
an operational status of a linear valve including detect- 
ing when a linear slide block is in one of at least two 
positions, determining at least one of slew rate, full 
length stroke and uneven stroke and alerting a user if 
one of the slew rate, full length stroke and uneven stroke 
exceeds a predetermined value. 
[0016] Still other objects and advantages of the 
present invention will become readily apparent to those 
skilled in the art from the following detailed description, 
wherein the preferred embodiments of the invention are 
shown and described, simply by way of illustration of the 
best mode contemplated of carrying out the invention. 
As will be realized, the invention is capable of other and 
different embodiments, and its several details are capa- 
ble of modifications in various obvious respects, all with- 
out departing from the invention. Accordingly, the draw- 
ings and description thereof are to be regarded as illus- 
trative in nature, and not as restrictive. 

Brief Description of the Drawings 

[0017] The present invention is illustrated by way of 
example, and not by limitation, in the figures of the ac- 
companying drawings, wherein elements having the 
same reference numeral designations represent like el- 
ements throughout and wherein: 

Figure 1 is a schematic illustration of a linear valve 
including a slide block and a sensing device for 
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sensing the current location of the slide block in the 
valve housing; 

Figure 2 is a drawing similar to Figure 1 with the 
slide block shown in a second position; 
5 Figure 3 is an alternative embodimentsimilarto Fig- 
ures 1 and 2 using air cylinders to drive the slide 
block; 

Figure 4 is another embodiment in which the linear 
valve housing is made large enough that the slide 
10 block can be moved to a position in which all three 
ports are blocked; and 

Figure 5 is a pneumatic circuit diagram illustrating 
the pneumatic circuit used in the embodiment de- 
picted in Figure 3. 
'5 Figure 6 is a top level block diagram of a pneumatic 
circuit. 

Best Mode for Carrying Out the Invention 

20 [001 8] Referring to Figure 1 , a linear slide valve sys- 
tem, generally indicated at 10, includes a linear slide 
valve assembly 15 and a controller/monitor 30 accord- 
ing to the present invention. Linear valve assembly 15 
includes a pair of solenoid valves 40, 42 mounted on 

25 opposite ends of a housing 20. The housing 20 includes 
an inlet 50 on one side of the housing 20, a first port 52, 
second port 54 and a third port 56, all on an opposite 
side of the housing 20. The ports 52, 54, 56 are provided 
in the base plate 48. Ports 52 and 56 are equally spaced 

so from the central port 54. A slide block 60 includes a flat 
surface 62 sliding on an upper surface 64 of the plate 
48. In the embodiment depicted in Figure 1 , the inlet 50 
is spaced from the slide block 60 and the slide block 60 
is of sufficient length to cover either ports 52, 54 or ports 

35 54, 56. The solenoids 40, 42 are 3-way solenoids of the 
type known in the art and are utilized in a preferred em- 
bodiment of the invention. Other control means, sole- 
noid, air or otherwise can be used without departing 
from the spirit and scope of the invention. 

*o [0019] The slide block 60 is driven in a first direction 
by solenoid valve 40 and in an opposite direction or sec- 
ond direction by solenoid valve 42. Rods 44 and 46 are 
attached to solenoid valves 40, 42 and to the sliding 
block to move the sliding block in opposite directions. 

45 Proximity switches 70, 72 are mounted on opposite 
ends of housing 20. On opposite sides of slide block 60 
are mounted a pair of magnets 80, 82 which when 
brought into proximity with switches 70, 72, respectively, 
a signal is sent to the controller/monitor 30 as will be 

50 described in greater detail below. As depicted in Figure 
1 , the slide block 60 is shown in a first position blocking 
ports 52 and 54. In this manner, inlet 50 is in communi- 
cation with port 56 to bed # 2. In this first position, bed 
#1 can exhaust through the port 52 through the slide 

55 block 60 into the exhaust port 54 while air is provided 
from the inlet 50 through the port 56 to bed #2. 
[0020] Figure 2 is similar to Figure 1 except that the 
slide block is depicted in a second position. In this sec- 
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ond position, bed #2 can exhaust through the port 56 
and through the slide block 60 into the exhaust port 54 
while air is provided from the inlet 50 through the port 
52 to bed #1. Generally a spring (not shown) is used 
between the piston and the slide block 60. Closed cell 
foam has also been used. The valve located in Figure 
2 does not have a spring or foam. Instead the valve has 
tight tolerances with the assembly to maintain position 
of the slide valve. The valve will become seal tight under 
operating pressures. 

[0021] Figure 3 is similar to the embodiment depicted 
in Figures 1 and 2 except that instead of solenoid valves 
40, 42, a pair of air cylinders 140, 142 are used to move 
a driving member 150 in a first and second direction. 
The driving member 150 is an elongated cylindrically 
shaped member having two intermediate shoulder 
members 1 52, 1 54 and two piston heads 1 62, 1 64. The 
two intermediate shoulders are partially positioned in 
slots 1 66, 1 68, respectively for engagement with a slid- 
ing block 160. The sliding block 160 includes magnets 
80, 82 mounted in the lower surface 64. A pair of sensors 
70, 72 are mounted in the plate 48 at opposite ends of 
a slide block chamber 1 70. Formed between the piston 
heads 1 60, 1 62 and plate 48 is the slide block chamber 
1 70. An inlet (not shown) is centered in the housing just 
above the exhaust port. At opposite ends of housing 1 20 
are opposite cylindrical bores 1 80, 1 82, in which piston 
heads 1 60, 1 62 slide in a reciprocal fashion, respective- 
ly. Threaded on opposite surfaces of housing 120 are 
threads and onto each of the threads are caps 190, 192 
to seal off and form a first cylinder 200 and a second 
cylinder 202 in which piston heads 160, 162 slide re- 
spectively. Poppets 210, 212 are located in threaded 
members 190, 192. The driving member 150 is moved 
in opposite directions as follows. As depicted in Figure 
3, poppet 210 would be opened and the cylinder 200 
pressurized while poppet 212 would also be opened al- 
lowing the cylinder to be vented thereby moving the driv- 
ing member to the right with the cylinder 202 being vent- 
ed. Figure 3 also best depicts an undercut 169 through 
the slide block 1 60 which permits flow between ports 52, 
54 while sealing these ports from the slide chamber 1 70. 
[0022] Although proximity sensors and magnetic sen- 
sors have been described, it should be understood that 
other sensors could be used in the present invention in 
any of the embodiments described herein. Optical sen- 
sors have become very popular recently with infra red 
and laser. These devices can be very precise. These 
devices can detect the range of travel as well as the lim- 
its of travel. The exact location of the sliding block 60, 
160 could be known at all times. 
[0023] Pressure transducers are commonly used in 
testing for such information as cycle rates and slide 
valve operation by monitoring the cylinder pressure. In 
conjunction with a strip chart, the operating pressure 
can be determined pretty accurately. This device can be 
used to determine the approximate location of the slide 
block (will not locate precisely). 



[0024] Contacts could be placed on the end of the slid- 
ing block 60, 160 and in the housing at the end of its 
travel. This would indicate whether the block was com- 
pleting its stroke and the time it takes to get there. This 
s device would be the simplest to incorporate and would 
be very accurate in time of piston travel and piston lo- 
cation and is considered the presently preferred embod- 
iment. 

[0025] The slide valve depicted in Figure 4 is similar 
to to the linear slide valves depicted in Figures 1 -3 except 
that the slide chamber 470 has greater length to enable 
a slide block 460 to be able to simultaneously cover 
ports 52, 54, 56. The sensors are located in the same 
position as those in Figure 1 with the possible addition 
15 of another located centered on the slides of the slide 
block. This would enable the detection of the slide block 
in the shut off position. Advantageously, in this embod- 
iment, the shut-off valve 600 (Figure 6) can be eliminat- 
ed. In the slide chamber 470 depicted in Figure 4, there 
20 is greater spacing between the ports 52 and 56 and ends 
of the slide chamber to allow the slide block 460 to move 
to the first and second positions depicted in dashed lines 
in Figure 4. 

[0026] Figure 5 depicts a schematic for operating the 

25 linear slide valve depicted in Figure 3. In Figure 5, the 
proximity switches 70, 72 are depicted as connected to 
the controller/monitor 30. Three way valves 500, 502 are 
also each connected to the controller/monitor 30 and are 
pneumatically connected to the air cylinders 200, 202. 

so As valve 500 is in a first position inlet air is introduced 
into the cylinder 202, thereby forcing the piston 164 to 
change position which triggers the proximity switch 70 
to open and the proximity switch 72 to close. One way 
of monitoring the health of the slide valve 15 might be 

35 as follows: The controller/monitor commands the slide 
valve 15 to switch to the opposite of its two positions. 
As soon as the proximity switch 70, 72 (sensing the cur- 
rent position) senses that the slide block 60 has begun 
to move from the first position, a timer in the controller/ 

40 monitor 30 is started. When the controller/monitor 30 re- 
ceives the signal from the sensor 70, 72 that the slide 
block 60 has reached the opposite position, the timer is 
stopped. The length of time elapsed is a measure of the 
transition time for the valve 15. The controller/monitor 

45 30 can detect conditions that have effects on the travel 
time of the valve 1 5 such as input air pressure and tem- 
perature. Comparing this time to an acceptable time (for 
the known input pressure and temperature conditions) 
provides a measure of the performance of the valve. A 

so simple display can show instantaneous cycle rate, 
which could be monitored or a signal would light when 
cycles rate become out of tolerance. In the case of using 
the slide block 60 as a shut off valve, the controller/mon- 
itor 30 would be used to control the position of the slide 

55 block 60 from the location information supplied by the 
sensors 70, 72. It should now be understood that a linear 
valve and control system has been described in which 
the location of the slide block is monitored to trouble- 
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shoot performance before they occur. It should also be 
apparent that a linear valve has been described which 
eliminates the shut-off valve. 

[0027] It will be readily seen by one of ordinary skill in 
the art that the present invention fulfils all of the objects 
set forth above. After reading the foregoing specifica- 
tion, one of ordinary skill will be able to affect various 
changes, substitutions of equivalents and various other 
aspects of the invention as broadly disclosed herein. It 
is therefore intended that the protection granted hereon 
be limited only by the definition contained in the append- 
ed claims and equivalents thereof. 



Claims 

1. A control system for controlling a gas generating 
system including at least two molecular sieve beds, 
comprising: 

a linear valve having a housing including an in- 
let connected to the gas generating system and 
a first port connected to a first of the at least two 
molecular sieve beds, a second port for ex- 
haust, and a third port connected to a second 
of the at least two molecular sieve beds, with 
said inlet, said first, second and third ports all 
in communication with a slide chamber having 
a slide block positioned in said slide chamber; 
a push-pull device is mounted to said housing 
for moving said slide block in a first direction 
and in a second direction; 
a sensor positioned at opposite ends of said 
slide chamber for sensing the position of said 
slide block in said slide chamber; and 
a controller for receiving information from said 
sensing device and for controlling said push- 
pull device. 

2. The system of claim 1 , wherein said sensing device 
is one of an optical sensor, a pressure transducer, 
a magnetic switch and a contact switch. 

3. The system of claim 1 , wherein said sensor is a 
magnetic switch and wherein a plurality of magnets 
mounted to said sliding block and a corresponding 
plurality of proximity switches mounted to said 
housing. 

4. The system of claim 1 , wherein said sliding block 
has a first position in which port said sliding block 
covers said first port and said second port such that 
the gas generating system can provide product gas 
through said inlet and said third port to the second 
of the molecular sieve beds and the first molecular 
sieve bed can be vented through said first port to 
said second port and a second position in which 
said sliding block covers said third port and said 



second port such that the gas generating can pro- 
vide product gas through said inlet and said first port 
to the first of the molecular sieve beds and the sec- 
ond molecular sieve bed can be vented through 
5 said third port to said second port. 

5. The system of claim 4, wherein said slide block in- 
cludes a flow path. 

10 6. The system of claim 1 , wherein the gas generating 
system is an oxygen concentrator. 

7. The system of claim 1 , wherein said controller mon- 
itors the current location of said slide block during 

's operation and determines slew rate, full-length 
stroke and uneven stroke. 

8. The system of claim 1 , wherein said push-pull de- 
vice is one of a pair of air cylinders and a pair of 

20 solenoid valves. 

9. The system of claim 6, wherein said oxygen con- 
centrator uses pressure swing adsorption. 

2S 10. The system of claim 4, wherein said sliding block 
has a third position covering said first port, said sec- 
ond port and said third port. 

11. The system of claim 1, further comprising an oxy- 
30 ggn monitor for monitoring the quality of gas provid- 
ed to said first port and said second port by the gas 
generating system. 

12. A linear valve, comprising: 

35 

a housing including an inlet connected to a gas 
generating system and a first port connected to 
a first of at least two molecular sieve beds, a 
second port for exhaust, and a third port con- 

*o nected to a second of the at least two molecular 

sieve beds, with said inlet, said first, second 
and third ports all in communication with a slide 
chamber in the housing with a slide block posi- 
tioned in said slide chamber, 

45 a push-pull device is mounted to said housing 

for moving said slide block in a first direction 
and in a second direction; and 
a sensor positioned at opposite ends of said 
slide chamber for sensing the position of said 

so slide block in said slide chamber. 

13. The linear valve of claim 12, wherein said sensing 
device is one of an optical sensor, a pressure trans- 
ducer, a magnetic switch and a contact switch. 

14. The linear valve of claim 12, wherein said sensor is 
a magnetic switch and wherein a plurality of mag- 
nets mounted to said sliding block and a corre- 



5 



EP 1 157 718 A2 



10 



sponding plurality of proximity switches mounted to 
said housing. 

15. The linear valve of claim 12, wherein said sliding 
block has a first position in which port said sliding 5 
block covers said first port and said second port 
such that the gas generating system can provide 
product gas through said inlet and said third port to 
the second of the molecular sieve beds and the first 
molecular sieve bed can be vented through said first 10 
port to said second port and a second position in 
which said sliding block covers said third port and 
said second port such that the gas generating can 
provide product gas through said inlet and said first 
port to the first of the molecular sieve beds and the '5 
second molecular sieve bed can be vented through 
said third port to said second port. 



16. The linear valve of claim 12, wherein said slide 
block includes a flow path. 20 

17. The linear valve of claim 12, wherein the gas gen- 
erating system is an oxygen concentrator. 

18. The linear valve of claim 12, wherein said controller 25 
monitors the current location of said slide block dur- 
ing operation and determines slew rate, full-length 
stroke and uneven stroke. 



19. The linear valve of claim 12, wherein said push-pull 30 
device is one of a pair of air cylinders and a pair of 
solenoid valves. 

20. The linear valve of claim 12, wherein said oxygen 
concentrator uses pressure swing adsorption. 35 

21. The linear valve of claim 12, wherein said sliding 
block has a third position covering said first port, 
said second port and said third port. 

22. The linear valve of claim 12, further comprising an 
oxygen monitor for monitoring the quality of gas pro- 
vided to said first port and said second port by the 
gas generating system. 

23. A method of monitoring an operational status of a 
linear valve, comprising: 

detecting when a linear slide block is in one at 
least two positions; so 
determining at least one of slew rate, full length 
stroke and uneven stroke; and 
alerting a user if one of the slew rate, full length 
stroke and uneven stroke exceeds a predeter- 
mined value. 55 
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ABSTRACT 



A cardiac rhythm management (CUM) device detects tran- 
sthoracic impedance, extracts ventilation or other 
information, and adjusts a delivery rate of the CRM therapy 
accordingly. A four-phase sequence of alternating direction 
current pulse slimuli is periodically delivered to a patient's 
thorax. A transthoracic impedance signal is extracted using 
a weighted demodulation. Signal processing extracts venli- 
laiion information and removes cardiac stroke information 
using an adaptive lowpass filter. ILic adaptive filter cutoff 
frequency is based on the patient's heart rate; a higher cutoff 
frequency is provided for higher heart rates. Peak/valley 
detection indicates tidal volume, which is integrated to 
exiracl minute ventilation (MV). Short and long term aver- 
ages are formed and compared to establish a MV indicated 
rate. Rale adjustment ignores MV information when a 
noise-measuremenl exceeds a threshold. An interference 
avoidance circuit delays delivery of the stimuli when telem- 
etry pulses or olher interfering signals are delected. 

45 Claims, 10 Drawing Sheets 
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RATE ADAPTIVE CARDIAC RHYTHM 
MANAGEMENT DEVICE USING 
TRANSTHORACIC IMPEDANCE 



HMC AI I H I I) OF THE INVENTION 

This invention relates generally to cardiac rhythm man- 11 
agement devices and methods and particularly, but not by 
way of limitation, to a rate adaptive cardiac rhythm man- 
agement dev ice using transthoracic impedance information, 
such as a minute ventilation signal, to control the rate at 
which pacing therapy is delivered to a patient's heart. 1 

BACKGROUND OF THE INVENTION 

Pacemakers and other cardiac rhythm management 
devices deliver cardiac therapy to a patient's heart to assist 
in obtaining a rhythm of heart contractions that maintains 
sufficient blood How through the patient's circulatory system 
under a variety of conditions. In particular, rale-adaptive 
pacemakers deliver electrical pacing pulses to stimulate 
contractions of the heart. The rate at which the pulses are ., 
delivered is adjusted to accommodate a metabolic need of 
llie patient. During exercise, higher pacing rales are 
delivered, while lower pacing rates are delivered when the 

Different parameters are used as an indication of the , 
patient's metabolic need for pacing therapy, including: 
blood pi I, blood temperature, electrocardiogram (ECG) arti- 
facts such as (J I" interval, blood oxygen saturation, breathing 
rale, minute ventilation, etc. Pacemakers include specific 
control algorithms for tracking the parameter indicating , 
metabolic need, and providing a control signal for adjusting 
the pacing rate accordingly. A variety of difficulties exist that 
complicate sensing of the parameter indicating metabolic 
need and controlling the pacing rate 

For example, detecting blood pi I encounters sensor sta- 4 
bilily problems, pi I sensors may drift with age and time. 
Mood oxygenation saturation is measured using light emit- 
ters that complicate the lead system used to couple the 
pacemaker's pulse generator to the heart. Blood temperature 
is a poor indicator of metabolic need because of the long 4 
time lag between the onset of exercise and any detectable 
increase in blood temperature. UCG artifacts, such as QT 
interval, are difficult to detect in the presence of other 
myopotentials and motion artifacts. Breathing rate, also 
referred to as respiratory rate, is not particularly well cor- ; 
related with the need tor increased blood circulation, for 
example, it is possible for respiratory rale to increase while 
the patient is sleeping or talking. 

Minnie ventilation (also referred lo as -'mi nine volume" or 
"MV") is a respiratory-related parameter that is a measure of 5 
the volume of air inhaled and exhaled during a particular 
period of time. Minute ventilation correlates well with the 
patient's metabolic need for an increased heart rate over a 

obtained by measuring transthoracic (across the chest or . 



ute ventilation 
r "MV") signal 
illustrated by 



rax) n 



nsthor. 



mpedar 



ivides 



lcluding how fast and 
how deeply a patient is breathing. A component of transtho- 
racic impedance varies as the patient inhales and exhales. 
Ventilation (e.g.. breathing rale, which is also referred to as 
"ventilation rate" or "VR", and breathing volume, which is 
also referred to as "tidal volume" or "TV") information is 



included in ihe impedance signal. A m 
signal (also referred to as "minute volume" 
is derived from the impedance signal, . 
Equation 1. MV measures air flow rate (e.g., liters per 
minute), TV measures volume per breath (e.g., liters per 
breath), and VR measures breathing rate (e.g., breaths per 

MV-7VxW! (i) 
} A larger MV signal indicates a metabolic need for an 
increased heart rate, and the pacing rate can be adjusted 
accordingly by a cardiac rhythm management device. For 
example, one approach for measuring transthoracic imped- 
ance is described in Hauck et al„ U.S. Pat. No. 5,318,597 
5 entitled "RAI'E ADAPTIVE CARDIAC RHYTHM MAN- 
AGEMENT DEVICE CONTROL ALGORITHM USING 
TRANS-THORACIC VENTILATION," assigned to the 
assignee of the present application, the disclosure of which 
is incorporated herein by reference. However, many prob- 
lems must be overcome to provide the most effective cardiac 
rhythm management therapy to (he patient in a device that 
can remain implanted in the patient for a long period of time 
before requiring a costly surgical explantation and replace- 

5 First, ventilation information included in the transthoracic 
impedance signal is confounded u ith a \ ariety of extraneous 
signals that makes the ventilation information difficult to 
detect. For example, as the heart contracts during each 
cardiac cycle, its blood volume changes, contributing to a 

■ .significant change in the transthoracic impedance signal that 
is unrelated to the ventilation information. The change in Ihe 
transthoracic impedance signal due to blood volume changes 
resulting from heart contractions is referred to as cardiac 
"stroke volume" or "stroke" signal. Moreover, the frequen- 

s cies of the heart contractions (e.g., 1-3 Hz) are extremely 
close to the frequency of the patient's breathing (e.g., under 
1 Hz). This complicates separation of the stroke signal and 
the ventilation signal. 

Furthermore, the frequency of the stroke and ventilation 

u signals changes according to the patient's activity. For 
example, a resting patient may have a heart rate of 60 beats 
per minute and a ventilation rate of 10 breaths per minute. 

When exercising, the same patient may have a heart rate of 
1 20 beats per minute and a ventilation rate of 60 breaths per 
5 minute. The changing frequencies of the stroke and venti- 
lation signals further complicates the separation of these 

signals. 

Another aspect of heart contractions also masks the 
ventilation signal. Heart contractions are initiated by elec- 

(t trical depolarizations (e.g., a QRS complex) resulting from 
paced or intrinsic heart activity. Such electrical heart activity 
signals may be detected during the measurement of tran- 
sthoracic impedance. This further diminishes the accuracy 
of the transthoracic impedance measurement, and increases 

5 the difficulty of obtaining accurate ventilation information. 
A further problem with certain other minute ventilation 
based cardiac rhythm management devices results from the 
use of a relatively high amplitude current pulse (e.g., 1 
milliampere) to detect transthoracic impedance. Using high 

.() amplitude stimuli wastes power, risks capturing the heart 
(i.e., evoking a contraction), may trigger false detection of 
intrinsic heart activity by the pacemaker's sense amplifiers, 
and may produce a confusing or annoying artifact on elec- 
trocardiogram (ECG) traces or other diagnostic equipment. 

■5 Thus, there is a need for a cardiac rhythm management 
device that effectively manages the patient's heart rate based 
on an accurate indication of metabolic need. Such a cardiac 
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rhythm management device must he sufficiently robust to 
operate in the presence of extraneous noise signals that 
confound the indication of metabolic need. 1 here is a further 
need for such a device to operate at low power consumption, 
in order to maximi/e the usable life of the battery-powered 5 
implantable dc\ ice 

SUMMARY ()I 7 THE INVENTION 
Hie present invention provides, among other things, a 
method ot determining transthoracic impedance in a cardiac 10 
rhythm management device. A multiple phase stimulus is 
repeatedly delivered to a thorax region of a patient. More 
than one phase of each multiple phase stimuli is demodu- 
lated to obtain sample points of a response signal including 
transthoracic impedance information. 15 

In one embodiment, a response to each phase is sampled, 
weighted to obtain a filtering function, and combined. In 
another embodiment, a rale of delivering cardiac rhythm 
management therapy is adjusted based on ventilation infor- 
mation included in the transthoracic impedance information ~ H 
of a plurality of the sample points. In another embodiment, 

transthoracic impedance signal is loo noisy. Ill a further 
embodiment, a interference avoidance function dekivs deliv- 
ery of the multiple phase stimulus to avoid simultaneous 
occurrence with an interfering signal (e.g., a telemetry 
signal). 

Another aspect of the invention includes a method of 
determining transthoracic impedance in a cardiac rhythm 
management device that includes delivering stimuli to a 
thorax of the patient, sensing a response signal including 
transthoracic impedance information, attenuating a compo- 
nent of the response signal having frequencies above a 
low pass cutoff frequency, and adaptively basing the lowpass 
cutoff' frequency on a heart rate, and independent of a 
breathing late signal, from the patient. 

In one such cmbodinu nt, a cardiac stroke signal is attenu- 
ated to obtain ventilation information. The lowpass cutoff 
frequency is adaptively selected to be below the heart rate by 40 
selecting between a number of discrete lowpass cutoff 
frequencies, each low pass cutoff' frequency corresponding to 

In a further embodiment, the method includes detecting 
peaks and valleys of the response signal. Differences 45 
between [leaks ami valleys of the response signal provide 
tidal volume data points, which are integrated for a prede- 
termined period of lime to obtain minute ventilation data 
points. A rate of delivering cardiac rhythm management 
therapy is adjusted based on the minute ventilation data V) 
points. Alternatively, breath-by-breath minute ventilation 
data points are obtained. Instead of performing the 
integration, lime differences between the peaks and valleys 
of the response signal provide respiration period data points 
corresponding to the tidal volume data points. The tidal 5, 
volume data points are divided by the corresponding respi- 
ration period data points to obtain minute ventilation data 
points, upon which a rate of delivering cardiac rhythm 

Another aspect of the present invention includes a cardiac 0 ) 
rhythm management device. The device includes an exciter, 
adapted to he'eoupled to a thorax of a patient for repeatedly 
delivering a multiphase stimulus thereto. A signal processor 

informal ion responsive to the stimuli. A demodulator, fo 
included in lite signal processor, includes sampling elements 
for demodulating the transthoracic impedance in response to 
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different phases of the multiphase stimulus. A therapy circuit 

delivering cardiac rhythm management therapy thereto. A 
controller is coupled to the therapy circuit for adjusting a 
rate of delivery of the cardiac rhythm management therapy 
based on the transthoracic impedance. 

In one embodiment, the device includes a noise-reversion 
circuit that inhibits rate-adjustment if the transthoracic 
impedance signal is too noisy. In a further embodiment, the 
device is included within a cardiac rhythm management 
system that also includes an endocardial lead, carrying first 
and second electrodes, and a housing including third and 
fourth electrodes. 

Another aspect of the invention includes a cardiac rhythm 
management device that includes an exciter for delivering 
stimuli to a thorax. Asignal processor includes a receiver for 
obtaining a transthoracic impedance responsive to the 
stimuli. The signal processor extracts ventilation informa- 
tion from the transthoracic impedance. The signal processor 
includes an adaptive lowpass filter for removing a cardiac 
stroke component of the transthoracic impedance signal. A 
cutoff frequency of the adaptive lowpass filter is adaptively 
based on a heart rate signal of the patient. 

The cutoff frequency of the adaptive lowpass filter is 
independent of a breathing rate signal from the patient. A 
therapy circuit is adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management therapy 
thereto. A controller is. coupled to the therapy circuit for 
adjusting a rate of delivery of the cardiac rhythm manage- 
ment therapy based on the ventilation information. 

The present invention provides, among other things, a 
cardiac rhythm management system, device, and methods 
that sense transthoracic impedance and adjust a delivery rale 
of the cardiac rhythm management therapy based on infor- 
mation extracted from the transthoracic impedance. The 
present invention effectively manages the patient's heart rate 
based on an accurate indication of metabolic need. It pro- 
vides robust operation in the presence of extraneous noise 
signals that confound Ihe indication of metabolic need. It 
also provides low power consumption, increasing the usable 
life of the battery-powered implantable device. Other advan- 
tages will be apparent upon reading the following detailed 
description of the invention, together with the accompany- 
ing drawings which form a part thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, like numerals describe substantially 
similar components throughout the several views. 

FIG. I is a schematic/block diagram illustrating generally 
one embodiment of a cardiac rhythm management system 
according to the present invention, including a cardiac- 
rhythm management device and electrode connections. 

FIG. 2 is a schematic/block diagram illustrating generally 
one embodiment of particular circuits included within an 
exciter for delivering electrical excitation stimuli to a heart. 

FIG. 3 illustrates generally a current waveform resulting 
from operation of an exciter according to one aspect of the 
present invention. 

FIG. 4 is a block diagram illustrating generally one 
embodiment of portions of a signal processor. 

FIG. 5 is a schematic diagram illustrating generally one 
embodiment of a preamplifier. 

FIG. 6 is a schematic diagram illustrating generally one 
embodiment of a demodulator. 

FIG. 7 is a signal flow diagram illustrating generally one 
embodiment of an adaptive filter. 
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I K'.. 8 is a How chart illustrating generally one example 
of a sequence of steps for calculating a minute ventilation 
indicated rate. 

I K i 9 is a How chart illustrating generally a second 
example of a sequence of steps for calculating a minute 
ventilation indicated rate. 

I I C "i 10 is a block diagram illustrating generally an 
alternate embodiment of a signal processor. 

DETA1I I I) DESCRIPTION OF Tilt 
INVENTION 

In the following detailed description, reference is made to 
the accompanying drawings which form a part hereof, and 
in which is shown by was of illustration specific embodi- 
ments in which the invention may he practiced. These 
embodiments are described in sufficient detail to enable 
those skilled in the art to practice the invention, and it is to 
be understood that the embodiments may be combined, or 
that other embodiments may be utilized and that structural, 
logical and electrical changes may be made without depart- 
ing from the scope of the present invention. The following 
detailed description is. therefore, not to be taken in a limiting 
sense, and the scope of the present invention is defined by 
the appended claims and their equivalents. 

Electrode Configuration and fop-I.evel Block 
Diagram 

FIG 1 is a schematic block diagram illustrating generally, 

embodiment of a cardiac rhythni management system 100 
according to the present invention. System 100 includes, 
among other things, cardiac rhythm management device 105 
and leadwire ("lead") 110 for communicating signals 
between device 105 and a portion of a living organism, such 
as heart 115. Embodiments of device 105 include bradycar- 
dia and antilachycardia pacemakers, cardioverters, 
defibrillators, combination pacemaker defibrillators, drug 
delivery devices, and any other cardiac rhythm management 
apparatus capable of providing therapy to heart 115. System 
100 may also include additional components such as, for 

with device 105. 1 g 1 g 

In one embodiment, system 100 is implantable in the 
living organism, such as in a pectoral or abdominal region of 
a human patient, or elsewhere. In another embodiment, 
portions of system KM) (e.g., device 105) are alternatively 
disposed externally to the human patient. In the illustrated 
embodiment, portions of lead 110 are disposed in the right 
ventricle, however, any other positioning of lead 110 is 
included within the present invention. 1 or example, lead 1 10 
may alternatively be positioned in the atrium or elsewhere. 
In one embodiment, leael 110 is a commercially available 
bipolar pacing lead. System 100 can also include other leads 
in addition to lead 111), ippropnaleh disposed, such as m or 
around heart 115, or elsewhere. 

In one embodiment, system 100 includes at least four 
electrodes, such as described in Ilauck et al. U.S. Pat. No. 
5,284,136 entitled "DUAL INDIFFERENT ELECTRODE 
PACEMAKER," assigned to the assignee of the present 
invention, the disclosure of which is incorporated herein by 
reference. It is understood, however, that the present inven- 
tion also includes using a different number of electrodes 
(e.g.. 2 or 3 electrodes, or more than 4 electrodes). In one 
example, a tirst conductor of multiconductor lead 110 elec- 
trically couples a first electrode, such as tip electrode 120 

(e.g., disposed at the apex of the right ventricle of heart 115), 
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to device 105. A second conductor of multiconductor lead 
110 independently electrically couples a second electrode, 
such as ring electrode 125, to device 105. In one 
embodiment, device 105 includes a hermetically sealed 

5 housing 130, formed from a conductive metal, such as 
titanium. Housing 130 (also referred to as a "case" or "can") 
is substantially covered over its entire surface by a suitable 
insulator, such as silicone rubber, except for at a window that 
forms a third electrode, referred to as a "case" or "can" 

to electrode 135. In one embodiment, a header 140 is mounted 
on housing 130 for receiving lead 110. Header 140 is formed 
of an insulative material, such as molded plastic. Header 140 
also includes at least one receptacle, such as for receiving 
lead 110 and electrically coupling conductors of lead 110 to 

15 device 105. Header 140 also includes a fourth electrode, 
referred to as indifferent electrode 145. 

FIG. I also illustrates generally portions of device 105, 
together with schematic illustrations of connections to the 
various electrodes. Device 105 includes an electrical stimu- 

20 lation source, such as exciter 150. Exciter 150 delivers an 
electrical excitation signal, such as a strobed sequence of 
current pulses or other measurement stimuli, to heart 115 
(e.g., between ring electrode 125 and tip electrode 120, or 
using any other electrode configuration suitable for dclivcr- 

- 5 ing the current pulses). In response to the excitation signal 
provided by exciter 150, a response signal is sensed by 
signal processor 155 (e.g., between tip electrode 120 and 
indifferent electrode 145, or any other suitable electrode 
configuration). 

,() In one embodiment, the response signal sensed by signal 
processor 155 is a voltage that represents a transthoracic 
(i.e., across a portion of the chest or thorax) impedance. A 
minute ventilation signal (also referred to as "minute vol- 
ume" or "MV") signal is derived from the impedance signal, 

35 as illustrated above by Equation 1. A larger MV signal 
indicates a metabolic need for an increased heart rate. 
According to one aspect of die invention, signal processor 
155 extracts ventilation information, including the MV 
signal, from the impedance signal. Based on the MV signal, 
signal processor 155 outputs an indicated rate signa.1 at node 
160 to controller 165. Based on the indicated rate signal at 
node 160, controller 165 adjusts the rate of delivery of 
cardiac rhythm management therapy, such as electrical pac- 
ing stimuli, to heart 115 by therapy circuit 170. Such pacing 

45 stimuli includes, for example, providing bipolar pacing 
between lip electrode 120 and ring electrode 125. providing 
unipolar pacing between can electrode 135 and either of tip 
electrode 120 or ring electrode 125, or providing pacing 

^ stimuli using any other suitable electrode configuration. 

Exciter and Resulting Stimuli Waveform 

FIG. 2 is a schematic block diagram illustrating generally, 
by way of example, but not by way of limitation, one 

5s embodiment of particular circuits included within exciter 
150 for delivering electrical stimuli (e.g., strobed 
alternating-direction constant-amplitude current pulses) to 
heart 115. Exciter 150 includes, among other things, bridge 
switcher 200, comprising switches 200A, 200B, 200C, and 

w , 200D. In one embodiment, switches 200A-D are imple- 
mented as transistors, such as p-ehannel metal-oxide semi- 
conductor (PMOS) field-effect transistors (FETs), or any 
other suitable switches. 

Exciter 150 also includes current source 205 and current 

<o sink 210. In one embodiment, each of current source 205 and 
current sink 210 include transistors in a regulated cascode or 
other suitable configuration. In one embodiment, switcher 



200 is electrically coupled lo case electrode 135 and ring 
eleclrode 125 through respective dc blocking capacitors 
2t5A and 215B and respective switches 220A and 220B 
(e.g.. PMOS transistors). Switches 225A and 225B (e.g., 
I'M' >S transistors) prechargc respective capacitors 2 15 A aiid < 
215B. Exciter 150 also includes a clock circuit 230 receiving 
one or more clock or other control signals from controller 
1 65 and providing signals to the control terminals of each of 
switches 200A-I), 220A-B, and 225A-B. 

IKi. 3 illustrates generally a current waveform 300 i0 
between case electrode 135 and ring eleclrode 125 resulting 
from operation of exciter 150 according to one aspect of the 
present invention. According to one aspect of the invention, 
waveform 300 includes a multiple phase ("multiphase") 
stimulus. In one embodiment, the multiphase stimulus 15 
includes a square wave, such as four current pulses 301, 302, 
303, and 304 in sequentially alternating polarity direction, 
each current pulse being a phase of the multiphase stimulus. 
In one embodiment, by way of example, but not by way of 
limitation, each one of current pulses 30 1-304 has a'duration ;0 
that is selected at approximately between 1 and UK) micro- 
seconds (e.g., approximately between 2 and 60 
microseconds, such as at 20 microseconds), lo allow 
adequate sampling of the transthoracic impedance signal 
obtained in response thereto. In the embodiment illustrated ;5 
in I Ki. 3. pulses 301 304 form a square wave having a 
carrier frequency of approximately 25 kilohert/. Other suit- 
able durations of current pulses 301-304 could also be used, 
providing a different resulting carrier frequency. According 



lother 



spec! , 



sequel 



pulses 301-304 is strobed. In one embodiment, by way of 
example, but not by way of limitation, the four pulse 
sequence 301-304 is repeated at a strobing frequency (also 
referred to as a repetition frequency or a sampling 
frequency) of approximately 20 Hertz (i.e., a 50 millisecond , 
time interval). Other suitable strobing repetition frequencies 
could also be used. 1'or example, but not by way of 
limitation, any strobing repetition lime interval shorter than 
55 milliseconds could be used. 

The amplitude of current pulses 301-304 was selected at a 
less than approximately I milliampcre. for example, 
approximately 320 microampere amplitude current pulses 
301-304 provide an adequate excitation signal to obtain the 
desired response signal, while minimizing current drain of 
the implanted device 105, thereby increasing its implanted a 
longevity. However, other amplitudes of current pulses 
301-304 could also be used. Such amplitudes of current 
pulses 301-304 should be less than the tissue stimulation 



sufficiently f 



pling o 



lion carried by the transthoi acic impedance signal obtained 
ill response to the electrical stimuli provided by exciter 150. 
Such ventilation information can appear at frequencies as 
high as approximately 1 Hertz, depending on the patient's 55 
breathing rale fhe strobing frequency also minimizes alias- 
ing of a "stroke volume" component of the transthoracic 
impedance signal (i.e., a portion of the transthoracic imped- 
ance signal that varies along with the patient's heartbeat 
instead of the patient's breathing rale), fhe stroke volume ,,<> 
component of the transthoracic impedance signal can have 
frequencies as high as approximately 3 1 lerl/. depending on 
the patient's heart rate. 

Prior to each sequence of current pulses 301-304, dc 
blocking capacitors 215A-B are precharged by a bias 65 
circuit, such as by turning on switches 200A-D and 
225A-B, with switches 220A-B being off. Current source 



205 and current sink 210 establish the operating point of a 
terminal of each of dc blocking capacitors 215A-B that is 
coupled to switcher 200. After precharging, switches 
225A-B are turned off. Next, pulse 301 is produced bv 
turning on switches 200A, 200D, and 220A-B, such that 
current delivered by current source 205 leaves case electrode 
135. The current returns through ring electrode 125, and is 
sunk by current sink 210. Next, pulse 302 is produced by 
turning on switches 200B-C and 220A-B, such that current 
delivered by current source 205 leaves ring electrode 125. 
The current returns through case electrode 135, and is sunk 
by current sink 210. Next, pulse 303 is produced by again 
turning on switches 200A, 200D, and 220A-B, such that 
current delivered by current source 205 leaves case electrode 
135. The current returns through ring electrode 125, and is 
sunk by current sink 210. Next, pulse 304 is produced by 
again turning on switches 200B-C and 220A-B, such that 
current delivered by current source 205 leaves ring electrode 
125. The current returns through case electrode 135, and is 
sunk by current sink 210. Switches 220A-B, 200A-D, and 
225A-B are turned off until precharging for another four 
current pulse sequence 301-304, which is delivered appro xi- 
mately 50 milliseconds later, as illustrated in FIG. 3. 

According to one aspect of the invention, clock circuit 
230 provides nonoverlapping control signals to switches 
225A-B and switches 220A-B. As a result, switches 
225A-B are not turned on at the same time as switches 
220A-B. This avoids any coupling of either of case elec- 
trode 135 and ring electrode 125 to the positive power 
supply voltage V do . 

Waveform 300 provides several important advantages 
allowing efficient and accurate sensing of the MV signal, 
allowing system 100 to provide more effective delivery of 
rate-responsive cardiac rhythm management therapy to the 
patient. First, system 100 allows the use of relatively low 
amplitude current pulses (e.g., +/-320 microamperes). This 
conserves power, allowing battery-powered portions of sys- 
tem 100 (e.g., device 105) to remain implanted in the patient 
for a longer usable lifetime. Because of their low amplitude, 
current pulses 301-304 do not produce any discernable 
artifacts on electrocardiogram (ECU) traces or on other 
diagnostic equipment. Such artifacts can confuse diagnosing 
physicians. The low amplitude current pulses 301-304 are 
also less likely to trigger false detection of intrinsic heart 
activity, such as by sense amplifiers included in device 105. 
False detection of intrinsic heart activity can inhibit proper 
delivery of pacing therapy, rendering cardiac rhythm man- 
agement ineffective and increasing risk to the patient. 
According to one aspect of the present invention, the sen- 
sitivity setting of such sense amplifiers can be increased 
without being affected by interference from the current 
pulses 301-304 produced by exciter 150. Moreover, the low 
amplitude current pulses 301-304 avoid the risk of capturing 
heart 115 (i.e., inducing an electrical depolarization and 
heart contraction), particularly when current pulses 301-304 
are delivered from small electrodes that are also used for 
delivering pacing, therapy to heart 115. 

According to another aspect of the invention, waveform 
300 includes current pulses 301-304 that are strobed at a 
frequency of approximately 20 Hertz. 'Hie 25 kilohertz 
carrier frequency is only present for a short fraction of the 
50 millisecond strobing time interval (i.e., duty cycle of less 
than 1 %). The strobing also reduces power consumption and 
obtains increased implanted longevity of device 105, as 
described above. 

Waveform 300 also provides balance in both amplitude 
and duration for each polarity/direction of the current pulses 
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301-304, thereby balancing Ihe 
115. Each +320 microan 
balanced by an equal du 
ampere pulse (e.g., 302 and 304). This 
Ihe amplitude and duration of wavefi 
likelihood of capturing heart 115 or ind 
intrinsic heart activity sensed by devii 



10 



; delivered lo heart 
g., 301 and 303) is 

iclhod ot balancing 
rm 300 reduces the : 
ring false sensing as 
; 105. 
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In one embodiment, device 105 avoids deliver 
multiphase stimulus in the presence of other inti 
signals, such as Iclcinclry signals, that increase the difficulty 
of accurately detecting a response. Referring again to FIG. 
1. in one embodiment, device 105 includes a telemetry 
transceiver 185 for communicating via telemetry signals 
(e.g., telemetry pulses) with an external programmer 190, 
such as by inductively coupled coils in each of the device 
105 and the external programmer 190. When telemetry 
pulses are delected by the telemetry receiver in device 105, 
ami scheduled deliver) of ihe multiphase stimulus coincides 
with the detection of the telemetry pulses, controller 165 
delays delivery of Ihe multiphase stimulus (e.g., current 
pulses 301-304), such as by approximately 1 millisecond. 
This avoids inaccuracies in the response signal to current 
pulses 301-304 thai may result from Ihe telemetry pulses or, 
similarly, from the presence of other interfering signals. 

Signal Processor 
bid. 4 is a block diagram illustrating generally, by way of 
example, but not by way of limitation, one embodiment of 
portions of signal processor 155. Signal processor 155 
includes analog signal processing circuit 400 anil digital 
signal processing circuit 405. Inputs of a preamplifier 410 
(also referred to as a preamp or a receiver) of analog signal 



1 400 a 
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indifferent electrode 145 and lip electrode 120 for receiving 
a signal m response lo ihe abov e-described stimuli provided 
by exciter 150. Analog signal processing circuit 400 also 
includes demodulator 415, receiving the output of pream- 
plifier 410, and providing an output signal to bandpass filter 
420. An outpul signal from bandpass filter 420 is received by 
analog-to-digital (A I J) converter 425. An output signal 
from A/I) converter 425 is received at highpass filter 430 of 
digital signal processing circuit 405. 

In one embodiment, digilal signal processing circuit 405 

sequence of instructions executed by a microprocessor. In 
another embodiment, digilal signal processing circuit 405 
includes separately implemented hardware portions dedi- 
cated lo performing the digilal signal processing lasks 
described below. An output signal from highpass 1 i lie r 430 
is received by adaptive low pass filter 435 of digital signal 
processing circuit 405. Minnie venlilalion calculation mod- 
ule 440 receives an output signal from adaptive lovvpass 
filter 435. and provides a resulting indicated rate signal at 
node 160 to controller 165. 

Preamplifier 



r 410 



r 410 i 



switched-capacitor (SC) differential amplifier 500. Pream- 
plifier 410 is electrically coupled to indifferent electrode 145 
and tip electrode 120 through respective switches 510 and c 
515 and respective resistors 520 and 525. Switches 510 and 
515 are turned on only during the approximate time when 



the stimuli current pulses 301-304 are being delivered by 
exciter 150. Resistors 520 and 525 provide antialiasing/ 
bandlimiting of the input signals received from indifferent 
electrode 145 and tip electrode 120. 

Differential amplifier 500 includes input capacitors 530 
and 535, coupled to resistors 520 and 525 respectively, and 
also coupled to a respective positive input at node 540 and 
a negative input, at node 545, of a differential-input/ 
differential-output operational amplifier 550. Feedback 
capacitors 560 and 565 are coupled from a respective 
negative output, at node 570, and a positive output, at node 
575, of operational amplifier 550, to ils respective positive 
input, at node 540, and negative input, at node 545. In one 
embodiment, input capacitors 530 and 535 have approxi- 
mately 10 times the capacitance value of respective feed- 
back capacitors 560 and 565. 

Differential amplifier 500 also includes autozuroing input 
switches, 580 and 585, coupling respective input nodes 540 
and 545 to respective reference voltages (e.g., a ground 
voltage). Autozeroing output switches 590 and 595 couple 
respective output nodes 570 and 575 to respective reference 
vollages (e.g., a ground voltage). Switches 580, 585, 590, 
and 595 provide zeroing of corresponding feedback capaci- 
tors 560 and 565. Switches 580 and 585 further establish the 
bias points of the input nodes 540 and 545 of operational 
amplifier 550, such as during sampling of signals from 
indifferent electrode 145 and lip electrode 120 onto input 
capacitors 530 and 535. 

Preamplifier 410 receives a voltage based on the transtho- 
racic impedance between indifferent electrode 145 and tip 
electrode 120. For example, a transthoracic impedance of 50 
ohms results in a voltage between the inputs of differential 
amplifier 500 of approximately 16 millivolts. The transtho- 
racic impedance varies as the patient breathes, increasing as 
air fills the patient's thoracic cavity during inspiration and 
decreasing as air is released (luring expiration. The transtho- 
racic impedance may vary, for example, by approximately 2 
ohms during respiration, resulting in an approximately 0.64 
millivolt modulation of the approximately 16 millivolt base- 
line signal appearing between the inputs of differential 
amplifier 500. These impedance and voltage values are 
recited by way of example only; actual impedance and 
voltage values will vary according to, among other things, 
differences in patient anatomy and electrode placement. 

In one embodiment of the invention, by way of example, 
but not by way of limitation, the electrodes used for deliv- 
ering Ihe excitation current (e.g., ring electrode 125 and case 
electrode 135) are different from the electrodes used for 
, sensing the response thereto (e.g., indifferent electrode 145 
and tip electrode 120). This advantageously reduces ihe 
magnitude of Ihe baseline component of the transthoracic 
impedance signal, thereby increasing the relative contribu- 
tion of the venlilalion component of ihe transthoracic imped- 
ance signal, and increasing ihe signal-to-noise ratio (SNR). 
Alternatively, the same electrodes could be used for deliv- 
ering the excitation current and sensing the response thereto. 

In one embodiment, differential amplifier 500 provides an 
effective voltage gain of approximately 6. In the above 
i example, the 16 millivolt baseline signal is amplified to 
approximately 100 millivolts by differential amplifier 500 
and Ihe resulting signal is provided to demodulator 415. 

Demodulator 

Demodulator 415 samples the signal obtained in response 
lo current pulses 301-304 after the above-described ampli- 
fication by preamplifier 410. According to one aspect of the 
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invention, the output of preamplilier 410 is sampled at the 
end of each of current pulses 301-304. Demodulator 415 
combines these lour samples into a single value using a 
weighted average. The resulting weighted average repre- 
sents the total impedance (i.e., including both baseline and 
ventilation components) obtained for the sequence of four 
current pulses 301-304. 

In one embodiment, the weighted average is formed by 
weighting the second and third samples, obtained from 
respective current pulses 302 and 303, by a factor of 
approximately 3.0 relative to the first and fourth samples, 
obtained from respective current pulses 301 and 304. 
Weighting the samples advantageously provides an addi- 
tional highpass tillering function, substantially transmitting 
the transthoracic impedance signal at tile 25 kilohcrtz carrier 
frequency of the current pulses 301 304. while substantially 
rejecting out-of-band signals. In particular, demodulator 415 
provides additional rejection of low-frequency signals, such 
as k-wavcs and oilier electrical signals produced by heart 
115. A transfer function provided by one embodiment of 
demodulator 415, is described in the /-domain, as illustrated 
in liquation 2. 



In ibis embodiment, demodulator 415 provides a voltage 
gain that is approximately between 1.75 and 2.0 for the 
in-band transthoracic impedance signal. Moreover, demodu- 
lator 415 also advantageously alleiiuates signals at frequen- 
cies below 100 llz bv a factor of at least approximately 120 
dli, including such signals as k-waves and other electrical 
intrinsic heart activity signals produced by heart 115, which 
can interfere with sensing llie patient's transthoracic itnped- 

I 1(1 6 is a schematic diagram illustrating generally, by 
way of example, but not by way of limitation, one embodi- 
ment of a swiiched-eapacitor demodulator 415. The output 
signal from preamplilier 410 is sampled onto capacitors 
600A-IS in response to current pulse 301, onto capacitors 
605A-B in response to current pulse 302, onto capacitors 
610A-B in response to current pulse 303, and onto capaci- 
tors 6I5A li in response to current pulse 304. Capacitors 
605 A- B and 610A-H provide 3 times the capacitance value 
of capacitors 600A-B and 615A-B, in order to provide the 
above-described weighting of the samples. After the 
weighted sampling of the output of preamplifier 410 in 
response to the four current pulses 301-304, these weighted 

(also referred to as a summer). 

Also illustrated m I 1(1. 6 are dummy capacitors 625A li. 
liach ol milium capacitors 625A-1! has a capacitance value 
that is twice that of one of capacitors 600A-B, and twice that 
of one of capacitors 615A-B. Dummy capacitors 625A-B 
are switched in during sample of current pulses 30 1 and 304. 
As a result, demodulator 415 presents the same load capaci- 
tance to preamplifier 410 during sampling of each of the lour 
current pulses 301-304. As seen in FIG. 6, however, the 
charge that is sampled onto dummy capacitors 625A-B is 
not included in the weighted sample (i.e., the resulting 

grator 620). 1 urtberrnore, it is understood that, in one 
embodiment, the capacitors illustrated in 1 1G. 6 are initial- 
ized (e g„ discharged) prior to sampling anv particular 
sequence of current pulses 301-304. 

In I Id. 6. integrator 620 includes input capacitors 650 
and 655, which are autozeroed by switches, as illustrated, 
during the clock phase An integration capacitor 660, 
which is in the feedback path around operational amplifier 
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665, sums the weighted samples obtained in response to the 
four current pulses 301-304 during an integration clock 
phase A noise sampling/integration capacitor 630, which 
is also in the feedback path around operational amplifier 

5 665, sums the weighted samples obtained in the absence of 
delivered current pulses during a noise integration clock 
phase (|> v „ as described below. Integrator 620 also provides 
a matching network 670 on the other input of operational 
amplifier 665 for matching the above-described switched 

to capacitor operation. 

In one embodiment, demodulator 415 also provides a 
noise sensing mode of operation. In normal operation, 
demodulator 415 samples the output of filter/amplifier 410 
in response to current pulses 301-304 provided by exciter 

is 150. During a noise sensing mode of operation, exciter 150 
is turned oft" (i.e., current pulses 301-304 are not provided), 
and demodulator 415 samples, onto switched-in noise 
sampling/integration capacitor 630, noise arising from exter- 
nal sources (e.g., heart signals or any environmental noise 

:e sources) and internal noise produced by circuits coupled to 
the input of the demodulator 415. In particular, demodulator 
415 is capable of sensing noise that is at frequencies close 
to the 25 kilohcrtz carrier frequency of the current pulses 
301-304 

:5 In one embodiment, the gam of demodulator 415 is 
increased (e.g., by a factor of approximately 2.0-2.5) during 
noise sensing mode in order to provide more sensitive noise 
detection. For example, the noise sampling/integration 
capacitor 630 used during noise sensing is different in value 

30 from a corresponding integration capacitor used during 
normal operation of demodulator 415, in order to provide a 
different gain during noise sensing. 

According to one aspect of the invention, device 105 also 
includes a noise reversion circuit based on the noise sensed 

35 by demodulator 415 when exciter 150 is turned off. A noise 
comparator 635 receives a signal derived from the output of 
demodulator 415. Comparator 635 determines whether the 
detected noise exceeds a particular programmable threshold 
value. If the detected noise exceeds the threshold value, 

40 subsequent circuits ignore the output of demodulator 415 
(e.g., until the detected noise again falls below the threshold 
value). In one embodiment, the programmable threshold 
value used by comparator 635 is implemented as a program- 
mable switched-capacitor array, providing threshold volt- 

45 ages ranging between approximately 4-120 millivolts at the 
output of demodulator 415 (corresponding to an impedance 
noise threshold between approximately 0.4-12 ohms). 

Bandpass Filter 

5n In one embodiment, bandpass filter 420 provides a pass- 
band between single pole corner frequencies at 0.1 Hz and 
2.0 II/. and includes a gain stage providing a voltage gain 
that is programmable (e.g., 6x, 12x, and 24x). The 0.1 Hz 
low frequency (highpass) pole substantially attenuates the 

5s baseline component of the transthoracic impedance signal, 
but substantially transmits the lime-varying component of 
the transthoracic impedance signal representing ventilation. 
The 2.0 llz high frequency (lowpass) pole substantially 
attenuates other lime-varying components of the transtho- 

t»> racic impedance signal that do not contribute substantial 
ventilation information. In particular, the lowpass pole effec- 
tively contributes to the attenuation of signal components 
due to the cardiac stroke signal resulting from the beating of 
heart 115. As described above, removal of the stroke signal 

65 is both difficult and particularly important for properly 
adapting the delivered pacing rate based on minute 
ventilation, since the stroke signal is very close in frequency 
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Id Ihc desired venlilalion signal. The lowpass pole also fillers 
out other noise at frequencies that exceed the lowpass pole 
frequency. 

Many different implementations of bandpass filter 420 
will he suitable for use in the present invention. In one 
embodiment, bandpass filter 420 includes a switched- 
capacitor biquadratic Idler stage, series-coupled with a sub- 
sequent switched-capacilor gain stage. Capacitance values 
ol the swilchcd-capacilor gain stage are user-programmable, 
thereby obtaining differing voltage gains, as described • 
above. I he output of the switched capacitor gain stage 
included in bandpass Idler 420 is provided to the input of 
AID converter 425. 



Ana 



o-Digital (A/D) ( 



A/ 1) converter 425 receives the output signal of bandpass 
filter 420 and provides a resulting digitized output signal to 
highpass filter 430 of digital signal processing circuit 405. In 
one embodiment, A D converter 425 is implemented as an 
8-bil, successive approximation type switched-capacitor 2 
A D converter having an input range of approximately I 
Volt. According to one aspect of the invention, A/D con- 
verter 425 provides one S-bit digital word corresponding to 
each sequence of lour current pulses 301 304 delivered bv 
exciter 150. Many different implementations of A/D con- 2 
verier 425 will he suitable lor use in the present invention. 
For example, a different A D converter resolution (greater 
than or less than 8 hits) may be used. 

Digilal Signal Processing ( 'ircuit J 
Highpass lilter 430 includes, in one embodiment, a single- 
pole infinite impulse response (I1R) digilal filler that 
receives the 8-bit digital output signal from A/D converter 
425, removing frequency components below its highpass , 
cutoff frequency of approximately 0.1 Hz. Manv other 
different embodiments of highpass lilter 430 will also be 
suitable for use in the present invention. Highpass tiller 430 
advantageously further attenuates baseline dc components 
of the transthoracic impedance and any dc offset voltages 
created by A D converter 425. The output of highpass filter 
430 is provided to adaptive lowpass lilter 435. 

Adaptive lowpass filter 435 receives the output signal of 
highpass filter 430 and attenuates frequency components of 
the signal that exceed the lowpass cutoff frequency of 4 
adaptive lowpass filter 435. Attenuated frequencies include 

the cardiac slroke signal, resulting from changes in blood 
volume in heart 115 as it contracts during each cardiac cycle, 
which appears as a component of the transthoracic imped- 
c stroke signal confounds the 5 
ion indicating the metabolic 
need for adjusting pacing rate. 

As described above, the component of the transthoracic 
impedance due to the stroke signal can be substantial As a 
result, attenuation of I he slroke signal is particularly impor- 
taut for properly adapting die delivered pacing rate based on 
minute ventilation. Moreover, I he stroke signal is difficult to 
attenuate, since il is very close in frequency to the desired 
venlilalion signal, furthermore, the frequencies of each of 
the slroke and venlilalion signals varies according to Ihc 
patient's activity, making the stroke and ventilation signals 
difficult to separate. 

Adaptive lowpass tiller 435 provides effective attenuation 
of the stroke component of the processed transthoracic 
impedance signal received from highpass filter 430. Pre- b 
quency components above a lowpass cutoff frequency are 
altenuated. In one embodiment, the frequency components 



above the lowpass cutoff frequency are attenuated by at least 
30 decibels while preserving ventilation information having 
frequency components below the lowpass cutoff frequency. 
The lowpass cutoff frequency is adaptively based on a heart 
rate of the patient and, according to a further aspect of the 
invention, is independent of any breathing rate signal 
obtained from the patient. In one embodiment, the patient's 
heart rate is detected by sense amplifiers 175, and provided 
to adaptive lowpass filler 435, such as by controller 165, for 
adjusting the lowpass cutoff frequency of adaptive lowpass 
filter 435 accordingly. Table 1 illustrates, by way of 
example, but not by way of limitation, one mapping of 
different lowpass cutoff frequencies of adaptive lowpass 
lilter 435 to ranges of the patient's heart rate. Other map- 
pings may also be used. 

TABLE 1 



As Table 1 illustrates, a 0.5 Hz cutoff frequency is used 
when the sensed heart rale is less than 68 beats per minute. 
When the patient's heart rate increases above 08 beats per 
minute, adaptive lowpass filter 435 switches its lowpass 
cutoff frequency to 0.75 Hz. When the patient's heart rate 
increases above 88 beats per minute, adaptive lowpass filter 
435 switches its lowpass cutoff frequency to 1.0 Hz. 
Similarly, as heart rate decreases, adaptive lowpass filter 435 
adjusts the lowpass cutoff frequency according to Table 1. 
As a result, adaptive lowpass lilter 435 preserves the ven- 
tilation information at higher breathing rates (breathing rate 
increases together with heart rate), while continuing to 
attenuate the stroke signal. 

'The 'present invention bases adaptive adjustment of the 
lowpass cutoff frequency only on heart rate. Among other 
things, this reduces computational complexity and power 
consumption associated with monitoring the breathing rate 
for adjusting the lowpass cutoff frequency. This also ensures 
that adaptive lowpass filter 435 removes the stroke signal for 
all particular combinations of respiration rate and heart rate, 
so that pacing rale is appropriately .adjusted based on minute 

In one embodiment, adaptive filter 435 uses a 4-pole 
Chebyshev filter that is better suited to data represented by 
fewer bits (e.g., 8-bit fixed point arithmetic). This conserves 
power and avoids instability and other potential problems of 
quantization. According to one aspect of the invention, 
adaptive lowpass lilter 435 uses a state-space structure, 
rather than in a conventional direct form structure. The 
slate-space structure further reduces the effects of coefficient 
quantization and roundoff noise. One example of such a 
state -space structure is described in Leland B. Jackson, 
"Digital Filters and Signal Processing," 2nd ed., pp. 
332-340, Kluwer Academic Publishers, Boston, Mass., the 
disclosure of which is incorporated herein by reference. 

FIG. 7 is a signal flow diagram illustrating generally one 
embodiment of adaptive filter 435 having a state-space 
topology. FIG. 7 includes scaling elements, delay elements, 
and summation elements. Signals output from summation 
elements are also scaled, as illustrated in FIG. 7. As with any 
DSP filter, saturation of signals at particular nodes should be 
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avoided by adjusting the coefficients according lo conven- 
tional DSP coefficient scaling lechniqucs. One embodiment 
of hexadecimal values of tiller coefficients is illustrated by 
way of example, but not by way of limitation, in fable 2. 
\dapli\c low pass hilci 435 outputs ■ signal based on 

lion 11k stmke component of the transthoracic impedance 
signal is substantially removed. The output of adaptive 
lowpass filter 435 is provided to MV calculation module 
440, which calculates a minute ventilation indicated pacing , 
rale based on the ventilation information. 

TABLE 2 



proces 



Alter 



vely, MV i 



a Zilog Z80-type 
culatio 



i 440 i 



s filter 435 a 



rcprcscnlm 



lped- 



cxhal 



n (m 



,-e) a: 



r hardware or software conligura- 
g an indicated pacing rate based on 
ventilation information. One example of such a sequence of 

instructions executed on a microprocessor for calculating a 
minute ventilation indicated rate is described below, and 
illustrated in the How chart of FIG. 8. 

nodule 440 receives from adaptive low- 



mpedanee signal 
are stored in separate storage registers. After each breath, an ? 
interrupt is provided to the microprocessor, such as upon 

At step S05. the tidal volume ( I'V) is calculated upon 
receiving the interrupt. The tidal volume is obtained by 
reading the storage registers, and taking the difference t 
between the maximum and minimum values of the imped- 
ance signal held for the patient's previous breath. A larger 
tidal volume indicates a deeper breath than a smaller tidal 
volume. A tidal volume data point is produced at step 805 for 
each breath by the patient. t 

At step 810, the tidal volume is integrated (i.e., the tidal 
volume data points are summed) for a predetermined period 
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of time (e.g., approximately 8 seconds), obtaining a minute 
ventilation data point, as described in Equation 1. After each 
8 second integration period, the minute ventilation data 
point is output, and a new integration (i.e., summation) of 
tidal volume commences. 

Steps 815 and 820, include carrying out concurrent mov- 
ing short term and long term averages, respectively. More 
particularly, the short term average ("STA," also referred to 
as a "boxcar" average) at step 815 represents, at a particular 

> point in time, a moving average of the minute ventilation 
data points over the previous approximately 32 seconds. The 
short term average represents the present minute ventilation 
indication of metabolic need. Similarly, the long term aver- 
age ("I.TA") at step 820 represents, at a particular point in 

' time, a moving average of the minute ventilation data points 
over the previous approximately 2 hours, line long term 
average approximates the resting state of the minute venti- 
lation indicator. In one embodiment, the long term average 
at step 820 is carried out by an IIR digital filter. 

1 At step 825, the short term and long term averages are 
compared. In one embodiment, this comparison involves 
subtracting the long term average from the short term 
average. The difference is optionally scaled, and used to 
adjust the pacing rale when the short term average exceeds 

1 the long term average. In one embodiment, the rate is 
adjusted according to Equation 3. 

R.\TE slt =LRL+mTA-LV\) (1) 

In Equation 3, STA represents the short term average, I.TA 
represents the long term average, K represents an optional 
scaling coefficient, LRL is a programmable lower rate limit 
to which the incremental sensor driven rate is added, and 
RATE, Ml ,. is the minute ventilation indicated rate at which 
. pacing therapy is delivered. In this embodiment, RATE w is 
1 a linear function of the difference STA-LTA. Also, in this 
embodiment, if the value of the short term average is less 
than the value of the long term average, pacing therapy is 
delivered at the lower rate limit (LRL). 

In one embodiment of the invention, more than one 
scaling coefficient K is used, obtaining a pieccwise linear 
mapping of minute ventilation lo the resulting minute ven- 
tilation indicated rate. For example, when the STA-LTA 
difference exceeds a certain threshold value, a smaller 
. scaling coefficient K is used. This reduces the incremental 
increase in pacing rate for high pacing rates, when compared 
to the incremental increase in pacing rale for pacing rates 
close to the lower rate limit (LRL). 

Step 825 is alternatively implemented as a ratio S TA/I.TA, 
rather than the difference STA-LTA. In one such 
embodiment, the rate is adjusted according to Equation 4 
when STA exceeds LTA. 



In Equation 4, STA represents the short term average, I TA 
represents the long term average, C represents an optional 
scaling coefficient, LRL is a programmable lower rate limit 
to which the incremental sensor driven rate is added, and 
RATE^. is the minute ventilation indicated rate at which 
pacing therapy is delivered. If the value of the short term 
average is less than the value of the long term average, 
pacing therapy is delivered at the lower rate limit (LRL). In 
this embodiment, reduced incremental rate at high pacing 
rates is obtained by using more than one .scaling coefficient, 
as described above. 
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Other rale modifiers can also be used to obtain a minute 
ventilation indicated rate Moreover, the minute ventilation 
indicated rate can be combined, blended, or otherwise used 
in conjunction with other rate indicators, such as those 
derived from different sensors providing dillerent indicators 
of metabolic need (e.g.. acceleration). Such indicators may 
have different response characteristics (e.g., time lag after 
unset of exercise) that are advantageously combined with 
the minute ventilation rale indication described above 

At step 830. the indicated rate (e.g., RAI"L MV ) is provided 
to controller 165, for adjustinu the rale of pacing therapy 
delivered by therapy circuit 170. 

Minute Ventilation Calculation Alternate 
Embodiment 

I Hi. 'J ts a flow chart, similar lo that of 1 IG S, illustrating 

breath-by-breath minute ventilation calculation. At step 900, 
time differences corresponding lo the peaks and valleys of 
the response signal are used to obtain respiration period data 
points corresponding to the tidal volume data points 
obtained in step 805, At step 910, a hreath-by-breath indi- 
cation of minute ventilation is obtained, such as by dividing 
I he tidal volume data points by the corresponding respiration 
period data points to obtain minute ventilation data points, 
t he rale of delivering cardiac rhythm management therapy 
is then adjusted based .in the minute ventilation data points, 
as described above with respect to FIG. 8. 

Signal Processor Alternate Embodiment 
fhe above description illustrates, by way of example, but 
not In way of limitation, a particular embodiment of the 
signal processor 155. as illustrated in I Hi 4. and methods 
for its use Many other possible embodiments of signal 
processor 155 exist and are also included within the present 
invention. 1 10. 10 is a block diagram illustrating generally 
one such variation on signal processor 155. The bandpass 
filter 420 of I Hi 4 is implemented digitally in the signal 
processor 155 of FIG. 10. Other variations are also possible 

Rale Adjustment Alternate Embodiment 

The above description illustrates, by way of example, but 
not by way of limitation, a particular embodiment of the 
present invention in which ventilation information is 
extracted from a detected transthoracic impedance, and the 
rate of delivery of cardiac rhythm management therapy is 
adjusted based on an indicator derived from the ventilation 

the extraction of other information (e.g., cardiac stroke 
information) from the transthoracic impedance, such as for 
adjusting the rate of delivery of cardiac rhythm management 
therapy based on an indicator extracted from such informa- 
tion. One such example is disclosed in Warren et al. U.S. Pat. 
No. 5,156,147 entitled, "VARIABLE RATE PACEMAKER 
HAVING UPPER RAIT LIMIT GOVERNOR BASED ON 
HEMODYNAMIC PERFORMANCE," which is assigned 
lo the assignee of the present invention, and the disclosure 
of w hich is incorporated herein bv reference. .Another such 
example is disclosed in Spmc 11 i ' U.S. Pal. No. 5.235,976 
entitled, "METHOD AND APPARATUS FOR MANAG- 
ING AND MONITORING CARDIAC RHYTHM MAN- 
AGEMENT USING ACTIVE TIME AS THE CONTROL- 
LING PARAMETER," which is assigned to the assignee of 
the present invention, and the disclosure of which is incor- 
porated herein by reference. 
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Conclusion 

The present invention provides, among other things, a 
cardiac rhythm management device that senses transthoracic 
impedance and adjusts a delivery rate of the cardiac rhythm 

' management therapy based on information extracted from 
the transthoracic impedance. In one embodiment, an adap- 
tive lowpass filter removes the stroke signal from the 
transthoracic impedance signal while preserving the venti- 
lation information. The adaptive filler includes a lowpass 

w cutoff frequency that is adaptively based on the patient's 
heart rate, but independent of a breathing rate signal. A 
weighted demodulation provides filtering that enhances 
rejection of unwanted signals. Minute ventilation is obtained 
from tidal volume obtained from the ventilation information. 

15 An indicated rate is based on a difference between, or ratio 
of, short and long term averages of the minute ventilation 
information, unless noise exceeding a threshold is detected. 

fhe present invention effectively manages the patient's 
heart rate based on an accurate indication of metabolic need. 

-0 It provides robust operation in the presence of extraneous 
noise signals that confound the indication of metabolic need. 
It also provides low power consumption, increasing the 
usable life of the battery-powered implantable device. 
It is to be understood that the above description is 

25 intended to be illustrative, and not restrictive. Many other 
embodiments will be apparent to those of skill in "the art 
upon reviewing the above description. The scope of the 
invention should, therefore, be determined with reference to 
the appended claims, along with the full scope of equivalents 

30 to which such claims are entitled. 
What is claimed is: 

1. A cardiac rhythm management device, comprising: 
an exciter, adapted to be coupled to a thorax of a patient 

for repeatedly delivering a multiphase stimulus thereto; 
a signal processor, including a receiver for obtaining 
transthoracic impedance information responsive to the 
stimuli; 

a demodulator, included in the signal processor, the 
demodulator including sampling elements for demodu- 
lating the transthoracic impedance in response to dif- 
ferent phases of the multiphase stimulus, where the 
demodulator combines weighted samples of the tran- 
sthoracic impedance information to attenuate unwanted 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; and 

a controller, coupled to the therapy circuit for adjusting a 
5i, nite of delivery of the cardiac rhythm management 
therapy based on the transthoracic impedance. 

2. The device of claim I, in which the exciter includes a 
bridge switcher providing the multiphase stimulus. 

3. The device of claim 2, in which the exciter includes: 
55 first and second capacitors, adapted for coupling the 

bridge switcher to the thorax of the patient; and 
a bias circuit for precharging the first and second capaci- 

4. The device of claim 1, in which the demodulator 
60 includes a switched-capacitor sampler and integrator. 

5. The device of claim 4, in which the switched capacitor 
sampler includes capacitors that weight pulses correspond- 
ing to the phases in the multiphase stimulus. 

6. The device of claim 1, further comprising: 

65 a noise-reversion circuit coupled to the demodulator for 
receiving a noise response signal in the absence of 
stimuli; 
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a noise comparator, included in the noise-reversion 
circuit, for comparing the noise response signal to a 
threshold value, and providing a resulting noise com- 
parator output signal indicating whether the noise 
response signal exceeds the threshold value, and 5 

wherein the controller adjusts the rate of delivery of the 
cardiac rhythm management therapy independent of 
the transthoracic impedance if the comparator output 
indicates that the noise response signal exceeds the 
threshold value. It 

7. A cardiac rhythm management system, including the 
cardiac rhythm management device of claim 1, the cardiac 
rhythm management system further comprising: 

an endocardial lead, carrying lirst and second electrodes, 
the lead being coupled to the cardiac rhythm manage- '-' 

fourth elee- 

8. The cardiac rhythm management system of claim 7, -' 
wherein the first electrode is a tip electrode, the second 
electrode is a ring electrode, the third electrode is a ease 
electrode, and the fourth elecm idi is an indifferent electrode. 

9. The cardiac rhythm management system of claim 8, 
wherein the indifferent electrode is carried by a header :; 

10. A cardiac rhythm management device comprising: 
an exciter, adapted to be coupled to a thorax of a patient 

for delivering stimuli thereto; ^ 
a signal processor, including a receiver for obtaining a 
transthoracic impedance responsive to the stimuli, the 
signal processor extracting ventilation information 
from the transthoracic impedance, wherein the signal 
processor includes an adaptive lowpass filter for v 
removing a cardiac stroke component of the transtho- 
racic impedance signal, a cutoff frequency of the adap- 
tive lowpass filter being adaptively based on a heart 
rate of the patient, the cutoff frequency of the adaptive 
lowpass filter being independent of a breathing rate 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; and 

a controller, coupled to the therapy circuit for adjusting a 4 
rale of delivery of the cardiac rhythm management 

II file dev ice of claim 10. in w hich the signal processor 
includes: 

an analog signal processing circuit, receiving the tran- s, 
slhoiacic impedance signal and including an analog- 
to-digital (AID) converter prov iding a responsive digi- 
tal transthoracic impedance signal; and 

wherein I he adaptive lowpass filter includes a digital 
4-p.de ("hebvshev lilter including a state-space struc- s 

12. The device of claim 10, wherein the controller selects 
the cutoff frequency of the adaptive lowpass filter to be 
higher when the heart activity signal indicates a higher heart 
rale and lower when the heart activity signal indicates a o 

13 fhe device of claim 10. wherein the controller selects 
between a number of discrete lowpass cutoff frequencies, 
each lowpass cutoff frequency corresponding to a particular 
range of values of the heart rate. 6 

14. The device of claim 13. wherein the controller selects 
the cutoff frequency of the adaptive lowpass filter at approxi- 
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mately 0.5 Hz, 0.75 Hz, and 1.0 Hz when the heart rate is 
respectively approximately less than 68 beats per minute, 
between 68 and 88 beats per minute, and greater than 88 
beats per minute. 

15. A cardiac rhythm management system, including the 
cardiac rhythm management device of claim 10, the cardiac 
rhythm management system further comprising: 

an endocardial lead, carrying lirst and second electrodes, 
the lead being coupled to the cardiac rhythm manage- 
ment device; and 

a housing, carrying the cardiac rhythm management 
device, the housing including third and fourth elec- 

16. The cardiac rhythm management system of claim 15, 
wherein the first electrode is a lip electrode, the second 
electrode is a ring electrode, the third electrode is a case 
electrode, and the fourth electrode is an indifferent electrode. 

17. The cardiac rhythm management system of claim 16, 
wherein the indifferent electrode is carried by a header 
portion of the housing. 

18. A cardiac rhythm management device, comprising: 
an exciter, adapted to be coupled to a thorax of a patient 

for repeatedly delivering a multiphase stimulus thereto; 
a signal processor, including a receiver for obtaining 
transthoracic impedance information responsive to the 
stimuli; 

a demodulator, included in the signal processor, the 
demodulator including sampling elements for demodu- 
lating the transthoracic impedance in response to dif- 
ferent phases of the multiphase stimulus and a 
swilched-capacitor sampler and integrator, where the 
switched capacitor sampler includes capacitors that 
weight pulses corresponding to the phases in the mul- 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; and 

a controller, coupled to the therapy circuit for adjusting a 
rate of delivery of the cardiac rhythm management 
therapy based on the transthoracic impedance. 

19. The device of claim 18, in which the exciter includes 
a bridge pitcher providing the multiphase stimulus. 

20 The device of claim l u , in which the exciter includes: 
lirst and second capacitors, adapted for coupling the 

bridge switcher to the thorax of the patient; and 
a bias circuit for precharging the first and second capaci- 
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18, further comprising: 
:uil coupled to the demodulator for 
response signal in the absence of 



hided I 



the i 



a noise compara 

circuit, for comparing the noise response signal to a 
threshold value, and providing a resulting noise com- 
parator output signal indicating whether the noise 
response signal exceeds the threshold value; and 
wherein the controller adjusts the rate of delivery of the 
cardiac rhythm management therapy independent of 
the transthoracic impedance if the comparator output 
indicates that the noise response signal exceeds the 
threshold value. 
22. A cardiac rhythm management system, including the 
cardiac rhythm management device of claim 18, the cardiac 
rhythm management system further comprising: 

an endocardial lead, carrying first and second electrodes, 
the lead being coupled to the cardiac rhythm manage- 
ment device; and 
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23. The cardiac rhythm management system of claim 22, 
wherein the first electrode is a tip electrode, the second 
electrode is a ring electrode, the third electrode is a case 
electrode, and the fourth electrode is an indifferent electrode. 

24. The cardiac rhythm management system of claim 23, 
wherein the indifferent electrode is carried by a header 

25. A cardiac rhythm management device, comprising: 
an exciter, adapted to be coupled to a thorax of a patient 

lor repeatedly delivering a multiphase stimulus thereto, 
a signal processor, including a receiver for obtaining 
transthoracic impedance information responsive to the 

a demodulator, included in the signal processor, the 
demodulator including sampling elements for demodu- 
lating the transthoracic impedance in response to dif- 
ferent phases of the multiphase stimulus; 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; 

a noise-reversion circuit coupled to the demodulator for 
receiving a noise response signal in the absence of 

a noise comparator, included in the noise-reversion 
circuit, for comparing the noise response signal to a 
threshold value, and providing a resulting noise com- 
parator output signal indicating whether the noise 
response signal exceeds the threshold value; and 

a controller, coupled to llie therapy circuit for adjusting a 
rale of delivery of the cardiac rhythm management 
therapy based on the transthoracic impedance, wherein 
the controller adjusts (he rate of delivery of the cardiac 
rhythm management therapy independent of the tran- 
sthoracic impedance if the comparator output indicates 
that the noise response signal exceeds the threshold 
value. 

26. The device of claim "25, in which the exciter includes 
a bridge switcher prov iding the multiphase stimulus. 

27. The device of claim 26, in which the exciter includes: 
lirsi and second capacitors, adapted for coupling the 

bridge switcher to the thorax of the patient; and 
,i bias circuit for precharging the first and second capaci- 
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lcludes 



urn 25, in which the demodul; 
wilched-capacitor sampler and integrator. 
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capacitor sampler includes capacitors that weight pulses 
corresponding to the phases in the multiphase stimulus. 

30. A cardiac rhvlhin management system, including the 
cardiac rhythm management device of claim 25, the cardiac 
rhythm management system further comprising: 

an endocardial lead, carrying lirst and second electrodes, 
the lead being coupled to the cardiac rhythm manage- 
ment device; and 

a housing, carrying the cardiac rhythm management 
device, the housing including third and fourth elec- 

31. I he cardiac rhythm management system of claim 30, 
wherein the lirst electrode is a lip electrode, the second 
electrode is a ring electrode, the third electrode is a case 
electrode, and the fourth electrode is an indifferent electrode. 

32. The cardiac rhythm management system of claim 31, 
wherein the indifferent electrode is carried by a header 
portion of the housing. 
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33. A cardiac rhythm management device comprising: 
an exciter, adapted to be coupled to a thorax of a patient 

for repeatedly delivering a multiphase stimulus thereto; 
a signal processor, including a receiver for obtaining 
transthoracic impedance information responsive to the 

a demodulator, included in the signal processor, the 
demodulator including sampling elements for demodu- 
j lating the transthoracic impedance in response to dif- 
ferent phases of the multiphase stimulus; 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; 
; a controller, coupled to the therapy circuit for adjusting a 
rate of delivery of the cardiac rhythm management 
therapy based on the transthoracic impedance; 

an endocardial lead, carrying first and second electrodes 
adapted to be implanted in the heart, the lead being 
) coupled to the cardiac rhythm management device; and 

a housing, carrying the cardiac rhythm management 
device, the housing including third and fourth elec- 

34. The cardiac rhythm management system of claim 33, 
5 wherein the first electrode is a lip electrode, ihe second 

electrode is a ring electrode, the third electrode is a case 
electrode, and the fourth electrode is an indifferent electrode. 

35. fhe cardiac rhythm management system of claim 34, 
wherein the indifferent electrode is carried by a header 

1 portion of the housing. 

36. A cardiac rhythm management device comprising: 
an exciter, adapted lo be coupled to a thorax of a patient 

for delivering stimuli thereto; 

. a signal processor, including a receiver for obtaining a 
transthoracic impedance responsive lo the stimuli, the 
signal processor extracting ventilation information 
from the transthoracic impedance, wherein the signal 
processor includes an adaptive lowpass filter for 
removing a cardiac stroke component of the transtho- 
racic impedance signal, a cutoff frequency of the adap- 
tive lowpass filter being adaplively based on a heart 
rate of the patient, the cutoff frequency of the adaptive 
lowpass filter being independent of a breathing rate 
signal from the patient; 
a Iherapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; and 
a conirollcr, coupled to the Iherapy circuit for adjusting a 

o rate of delivery of the cardiac rhythm management 
Iherapy based on the ventilation information, where the 
controller: selects between a number of discrete lowpass 
cutoff frequencies, each lowpass cutoff frequency cor- 
responding to a particular range of values of the heart 

37. The device of claim 36, wherein the controller selects 
the cutoff frequency of the adaptive lowpass filter at approxi- 
mately 0.5 Hz, 0.75 Hz, and 1.0 Hz when the heart rate is 
respectively approximately less than 29 beats per minute, 

I) between 68 and 88 beats per minute, and greater than 88 
beats per minute. 

38. The device of claim 36, in which the signal processor 
includes: 

an analog signal processing circuit, receiving the tran- 
5 sthoracic impedance signal and including an analog- 
to-digilal (AD) converter providing a responsive digi- 
tal transthoracic impedance signal; and 
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wherein ihe adaptive lowpass filler includes a digital 
4-pole Chcbyshev filter including a state-space struc- 

39 I he device of claim 36, wherein the controller selects 
Ihe cutoff frequency of the adaptive lowpass filter to he 
higher when the heart activity signal indicates a higher heart 
rate and lower when the heart activity signal indicates a 

41). A cardiac iliylhm management system, including the 
cardiac rhythm management device of claim 36, the cardiac i 
rhythm management system further comprising: 

an endocardia! lead, carrying first and second electrodes, 
o the cardiac rhythm manage - 



; rhythm managen 
icluding third and fourth e 



a housing, carrying the 
device, the housing ii 

41. The cardiac rhythm management system of claim 40, 
wherein the first electrode is a tip electrode, the second 
electrode is a ring electrode, the third electrode is a case 2 
electrode, and the fourth electrode is an indifferent electrode. 

42. file cardiac rhythm management system of claim 41, 
wherein the indifferent electrode is carried hy a header 
portion of the housing. 

43. A cardiac rhythm management device comprising: 
an exciter, adapted to he coupled to a thorax of a patient 

for delivering stimuli thereto; 
a signal processor, including a receiver for obtaining a 
transthoracic impedance responsive to the stimuli, the 
signal processor extracting ventilation information 



from the Iransthorat 
processor includes 
removing a cardiac 
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c impedance, wherein the signal 
an adaptive lowpass filter for 
troke component of the transtho- 
iff frequency of the adap- 



tive lowpass filter being adaptivcly based on a heart 
rate of the patient, the cutoff frequency of the adaptive 
lowpass filter being independent of a breathing rate 
signal from the patient; 

a therapy circuit, adapted to be coupled to a heart of the 
patient for delivering cardiac rhythm management 
therapy thereto; and 

a controller, coupled to the therapy circuit for adjusting a 
rate of delivery of the cardiac rhythm management 
therapy based on the ventilation information; 

an endocardial lead, carrying first and second electrodes, 
the lead being coupled to the cardiac rhythm manage- 

a housing, carrying the cardiac rhythm management 
device, the housing including third and fourth elec- 
trodes. 

44. The cardiac rhythm management system of claim 43, 
wherein the first electrode is a tip electrode, the second 
electrode is a ring electrode, the third electrode is a case 
electrode, and the fourth electrode is an indifferent electrode. 

45. The cardiac rhythm management system of claim 44, 
wherein the indifferent electrode is carried by a header 
portion of the housing. 
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REST_VAL_MAX = AVE_SENSOR_24H * (1 + THRESH_MAX%) 
REST_VAL_MIN = AVE_SENSOR_24H * (1 - THRESH_MIN%) 
AVE_SENSOR_24H = 0 




FIG. 8 



U.S. Patent Jun.3,2003 Sheet 7 of 9 US 6,574,507 Bl 
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ACTIVE IMPI AN FABLE MEDICAL DEVICE 
FOR TREATING SLEEP APNEA SYNDROME 
BY ELECTROSTIMULATION 

field of run invention 

The present invention relates to the diagnosis of the 
syndrome of sleep apnea and more particularly, cardiac 
pacemakers able in detect sleep apnea and respond to the 
detection with electrostimulation. 

BACKGROUND OF THE INVENTION 
The syndrome of sleep apnea ("SAS"), more precisely the 
syndrome of obstructive and non central sleep apnea 
("SOAS") is an affliction having generally as its origin an 
obstruction of the respiratory tracts. It is likely to involve a 
certain number of disorders such as painful and/or insuffi- 
cient breathing, an abnormal heartbeat, and hypertension. 
Various treatments of SAS have been proposed, including 
treatments involving surgery, medication, and maintenance 
of a positive pressure in the respiratory tract by means of a 
facial mask worn during sleep. 

One technique, as discussed in EP-A-0 702 979 (to 
Medtronic) proposes to treat SAS by electrostimulation. 
This document describes an implanted pulse generator, 
controlled by a sensor, which may be a dynamic pressure 
sensor or a sensor of intrathoracic impedance, making it 
possible to follow (monitor) the patient's respiration rate and 
thus to detect the occurrence of an apnea. When an apnea is 
detected, the generator delivers a salvo (sequence) of pulses 
to a stimulation electrode implanted in the muscles control- 
ling the patient's airway. This technique is not, however, in 
practice, completely satisfactory. This is because the stimu- 
lahon winch is systematically started in the event of an 
increase in the intratracheal pressure, whatever the cause of 
this increase in pressure, and whether it is due to an SAS or 
not, will include inappropriate stimulations. 

Pacemakers having a cardiac stimulation or pacing rate 
which is responsive to a detected physiological or physical 
parameter of the patient are known. Generally, as the mea- 
sured parameter increases, it reflects an increasing level of 
activity of the patient (e.g., exercise), and the stimulation 
frequency increases so that the pacing rate is controlled to 
simulate the action of a normal heart. Once such style of 
pacing device measures the patient's so-called minute ven- 
tilation (minute volume) based on a transthoracic or 
intrathoracic impedance measurement. An earlier style of 
such a pacing device measured the respiration rate, but this 
parameter is generally believed to be less useful as a 
physiological parameter because it does not represent the 
patient's metabolic demand (also referred to as the cardiac 
output requirements) during phases of increased patient 

In the case of cardiac pacemakers, all these systems 
operate to increase the frequency of stimulation pulses when 
one detects an increasing activity of the patient wearing the 
device (i.e., the patient in which the device is implanted or 
on which the device is carried), and to decrease this fre- 
quency to a base value in the case of a diminution of activity, 
particularly during phases of rest of the patient. 

EP-A-0 493 222 describes a process of correlation 
between, on the one hand, the two extreme values FC^.^ 
and X„„„ of the range of the stimulation frequency and, on 
the other hand, value X hasr and X mOA , which are respectively 
the rest value and the value of maximal activity, calculated 
from information collected by the sensor measuring the 



detected physiological or physical parameter (also called an 
"enslavement sensor.") This process of correlation is known 
under the name of "automatic calibration of the 
enslavement", and the document describes a process to 

> determine the value of X base in the case of the utilization of 
the minute-ventilation as the parameter of enslavement. The 
value of the minute-ventilation at rest is then called MV r „ r 
This last value is obtained by the calculation of an average 
value during an interval on the order of 24 hours, including, 

o therefore, periods of activity as well as periods of sleep of 
the wearer of the device. 

It has been observed and recognized that, during phases of 
sleep, the values of MV ral can be more than 50% below the 
values of this same parameter recorded during periods when 

5 the patient is awake (i.e., conscious) and active. 

Many parameters, including, but not limited to, the 
minute ventilation, the respiratory frequency, the saturation 
of oxygen in the blood, the temperature, or the acceleration 
have been acceptably used as parameters of enslavement for 

0 control functions. In particular, these parameters have been 
used in the case of cardiac pacemakers, to vary the instan- 
taneous frequency of the cardiac stimulation according to 
the measured or calculated parameter. 

^ The utilization of one or more, and more particularly 
several, sensors, is at the expense of an incremental energy 
consumption. This is due to the additional hardware circuits, 
the increase of which is directly associated to the enslave- 
ment parameter transducer(s) (power supply, injection of 
current (as in the case of minute ventilation and other 
sensors), production and analysis of the signal, etc.), as well 
as the software used to process the sensor produced signals. 
It is generally realized that the microprocessors or specific 
circuits executing the software or logic functions are typi- 

. cally large, energy-consuming components when they 
execute algorithms to process data and make decisions. 

As used herein, the terms "enslavement" and "enslaved" 
mean the control function has a determined result or output 
that varies as a function of the monitored parameter. The 

} functional relationship may be linear, non-linear, defined by 
an algorithm or a look-up table, and may be predetermined 
or self-adjusting. 

In the case of cardiac pacemakers, all these enslavement 
systems compete to increase the stimulation pulse frequency 

; when one detects an increasing activity of the patient, and to 
decrease the stimulation pulse frequency to a base or mini- 
mum frequency in case of a diminution of activity, and 
particularly during phases of rest of the patient. 



It is, therefore, an object of the invention to propose a 
device for the treatment of SAS by electrostimulation. 
Broadly speaking, the present invention concerns analyz- 
55 ing the metabolic and functional state of the patient, for 
applying, selectively, a stimulation for the treatment of SAS 
only during the phases of patient activity where an SAS is 
really likely to appear, and otherwise inhibiting any SAS 

60 One aspect of the invention is directed to a device which 
is an active implantable medical pacemaker device allowing 
for the treatment by increased cardiac electrostimulation of 
the sleep apnea syndrome in a patient i.e., including: means 
for measuring the respiratory activity of the patient; means 
65 for analyzing and determining an occurrence of an apnea in 
response to the measured respiratory signal; and means for 
delivering an SAS stimulation, controlled by the analyzing 
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in the 



cardiac stimulation r; 
apnea. The SAS stimulation means i 
which delivers SAS stimulation by inc 
lation rate, and the respiratory aclivilj 
may be a circuit which includes a min 
or a sensor which detects the oxygen s; 
According to a preferred embodi 



ihe patient an increased is represented by the evolution over the course of time of the 
it of a detection of an minute ventilation signal (signal VE, also called signal MV), 
is preferably a circuit which is a parameter obtained by a measurement of intratho- 
icreasing cardiac stimu- racic impedance that is predominantly physiological in 
nature. Although the minute ventilation signal is generally 
easy to implement for monitoring the respiration rate of the 
patient, other signals coming from other types of sensors can 
be used in the alternative or in addition to the minute 
ventilation sensor, for example, a sensor measuring blood 
oxygen saturation. 

The measurement of the minute ventilation parameters is 
in itself well-known. The measurement is obtained between 
two electrodes placed in the rib cage, or if the implanted 
device is a pacemaker, between an electrode (for example, a 
triggerable only during a is stimulation electrode) and the case of the implanted medical 
and otherwise is inhibited. device. The impedance is then measured in response tc 



e ventilation sensor 
rration oflhe blood, 
ent of the present 

invention, this de\ ice also includes means lor determining a 
cardiac rate of the patient, including a rate in the absence of 
a determined apnea, means for delerm in inn a slate of activity 
of the patient, this state being likely to take, according to 
predetermined criteria, a value representative of a state of 
sleep (also referred to as a rest phase) of the patient, such 
that the SAS si' 
determined pha 
According tc 



various advantageous characteristics 
of Ihe invention, the analyzing means detects an occurrence 
of a syndrome of sleep apnea when the number of apnea 
occurrences detected during a given period of time exceeds 
a predetermined threshold. In another embodiment, the 
determining means optionally determines a state of activity 
by analyzing the signal delivered by the means for measur- 
ing the respiratory activity of the patient, and/or by a 
separate auxiliary measurement means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other features, characteristics and advantages of the 
present invention will appear to a person of ordinary skill in 
the art in view of the following description, which is made 
with reference to the drawings annexed, in which: 

FIGS. 1 and 2 illustrate a signal representative of the 
respiration rate of the patient, in the absence of disorder and 
at the time of occurrence of an apnea respectively; 

FIG. 3 is a How chart of the initialization phase of a 
process in accordance with an embodiment of the invention, 
which may be in response to an initial operation (start-up) or 
a manual re-initialization as may be initiated by a therapist; 

FIG. 4 is a How chart of a normal functioning phase, 
during the course of which one continuously determines 
different variables according to the invention; 

FIG. 5 is a How chart of a process to update the variable 
THRESH VAI. SENSOR of the process illustrated in 
FIG. 3; 

FIG. 6 is a How chart of a process to update the variable 
REST _VAL. SENSOR oflhe process illustrated in FIG. 3; 

FIG. 7 is a How chart of a process to increment the 
variable AVE SENSOR 24H of the process illuslr iled in 
FIG. 3; 

FIG. X is a How chart of a process to update the variable 
AVE SENSOR . 24H of the process illustrated in FIG. 3; 

FIG. 9 is a How chart of a process to determine the 
variable STATE._SENSOR in the case of the utilization of 
a physiological parameter (ventilation— minute, 

FIG. 10 is a How chart of a process to determine the 
variable .STATE ..SENSOR in the case of the utilization of 
a non-physiological parameter such as acceleration; and 

FIG. 11 is an illustration showing the evolution over time 
of the different variables of the process of the invention, 
recorded during an exemplary 24 hour time interval. 
DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to the drawing FIGS. 1 and 2, an evolution 
of the respiration rate of a patient during sleep is shown. It 



injection of a constant current of a few hundreds of 
microamperes, at a frequency of a few hertz, typically 8 Hz. 
This technique is described, for example, by J. L. Bonnet et 
3 al., "Measurement of Minute-Ventilation with Different 
DDDR Pacemaker Electrode Configurations", PACE, Vol. 
21, 98, Part 1, and it is implemented in the commercial rate 
responsive pacemaker devices sold under the trademark 
Chorus RM 7034, by ELA Medical, Montrouge, France. 
5 One can determine, starting from this signal, a respiratory 
period T (FIG. 1) which is defined as the time separating two 
detected impedance peaks. The peaks correspond to the high 
impedance obtained al the time of the inspiration (lungs 
being filled with air), and the decrease of the impedance 
3 corresponds to an expiratory phase. 

Referring to FIG. 2, a waveform representative of a 
minute ventilation signal recorded among patients suffering 
from sleep apnea is shown. These patients have normal 
expiratory phases, because the pulmonary pressure is suffi- 
' cient to overcome the obstruction. On the other hand, the 
inspiration is abnormal because the lungs cannot fill with air. 

One then can observe, as illustrated in FIG. 2, an impor- 
tant lengthening of the respiratory period T after an expira- 



The first stage concerns diagnosing a sleep apnea occur- 
rence. An apnea is classically defined as a respiratory pause 
of a duration that is greater than ten seconds, a phenomenon 
which is relatively easy to delect by monitoring minute 

45 ventilation. Moreover, this pause must occur during a sleep 
phase of the patient, because an apnea occurring while the 
patient is in an awake stale cannot be caused by an SAS. 

To respect the latter criterion, the invention proposes to 
discriminate between the sleep phase and the awake phase of 

so the patient, and to apply an SAS therapy only during the 
sleep phase. Any treatment of an apnea which is detected 
during an awake phase is inhibited because, in this case, the 
apparent apnea normally is not pathological. 

The sleep period can be diagnosed, of course, 

55 automatically, either starting from the signal delivered by the 
sensor monitoring the respiration activity of the patient, or 
by a separate sensor, for example, an activity sensor which 
measures a parameter which is predominantly physical such 
as acceleration as may be measured by an internal sensor 

60 located within the case. 

EP-A-0 719 568 and its counterpart U.S. Pat. No. 5,622, 
428 commonly owned by ELA Medical describe in particu- 
lar determining a "criterion of activity of a sensor", making 

65 (night or diurnal), and activity of the patient, in particular for 
contrast with a minute ventilation sensor. U.S. Pat. No. 
5,622,428 is incorporated herein by reference in its entirety. 
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U.S. Fal. No. 5,622,428 discloses a process for distin- 
guishing between different phases of rest of the wearer of the 
device, for example, rest during sleep periods and rest 
during awake periods, as well as other phases of activity, for 
example, activity during sleep and activity during awake 
periods and changing the operation of the device according 
to the detected phase. 

With reference to FIG. 3, the process of the phase of 
initialization is illustrated. The initialization phase process 
broadly concerns the calculation of several variables. It is 
noted that the calculation of certain variables (e.g., AVE_ 
SENSOR _24H, THRESH_VAL_ SENSOR and REST_ 
VAL SENSOR, that will be explained in more detail 
below), can be undertaken according to at least two different 
modes, depending on whether or not the device is in an 
initialization phase or in the regime of normal continuous 
functioning, which regime is referred to as "normal func- 

lTic phase of initialization is brought out, i.e., used, when 
the medical device is first placed into operation, for 
example, at the time of implantation, or on a specific 
external command (i.e., a reset function, as may be delivered 
lelemelrically in a known manner). The initialization phase 
has as its purpose and objective to endow the device with an 
initial value that will then be automatically and subsequently 
redetermined over time in the normal functioning phase. 

In the initialization phase, the device acquires and stores 
in memory a predetermined number of minute ventilation 
values, corresponding, typically, to 32 samples of the mea- 
sine of the minute— ventilation (steps 110 to 140). Each 
sample corresponds to the determination of the minute — 
ventilation (MV) during a respiratory cycle. A counter 
referred to as COUNTER SAMPf E_SENSOR is used to 
control I he acquisition of the sample measures. The counter 
COUNTER_SAMPLE . SENSOR is reset to zero (step 
100) at the start of the initialization phase, and increments 
(step 130) one count after each sample is successively 
acquired (step 120). 

When the value of the counter CO UNTER_S AMPLE_ 
SENSOR reaches the predetermined number M, e.g., 
Nl-32; the counter is reset to zero (step 150) and the device 
then calculates an average of the 32 successively acquired 
values. This average is referred to as AVE SENSOR_ 
SHORT TERM (step 160). 

At step 170, the different variables used in the process of 
invention are then initialized. The counter COUNTER_ 
CYCLES 2411 and the variable AVE SENSOR_24H are 
reset to 0, the variables THRESH VAL SENSOR and 
REST VAL SENSOR are set to the value AVE_ 
SENSOR. SHORT TERM that was determined at step 
160. The variable REST_ VAL_MAX is set to a value that 
is related to the determined AVE_ SENSOR„SI[ORT_ 
TERM by a first predetermined coefficient (1+THRESH_ 
MAX.__INIT %), typically increased by 50%, and the vari- 
able REST VAL MIN is set to a value that is related to the 
determined AVE_SENSOR_SHORT_TERM by a second 
predetermined coefficient (1-THRESH __M1N JNIT %), 
tvpiealh decreased by SO' .- . 

'ITiese initialized variables then serve as the initial values 
in the normal functioning phase, which is now described 
with reference to FIGS. 4 to 10. 

Hie general progress of the normal functioning phase is 
illustrated in a general manner in HG. 4. The implantable 
device executes the following steps: At step 200, the two 
counters CO U NTER _ SAM PLE. .SENSOR and 
COUNTER 4 are reset to zero, and in steps 210 to 250 a 
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selected number N2 of successive samples as obtained by 
the sensor are collected and stored in a memory. 

After 128 samples have been collected, that is to say after 
four repetitions of the collection of 32 samples, namelv 

5 when COUNTER_SAMPLE_SENSOR=N2=32 and 
COUNTER 4=4 at step 250, the device then updates the 
variables at step 260. The variable THRESH_VAL_ 
SENSOR is updated, in accordance with the process illus- 
trated in the flow chart of FIG. 5. The variable AVE„ 

]0 SENSOR_SHORT TERM is calculated as an average of 
the 128 previously measured samples (it being understood 
that the, numbers of 128; 32 samples and 4 cycles, are 
exemplary and not limiting, and each can be replaced by a 
different value, as appropriate for the memory of the device 

i5 and its processing power). The REST_VAL_SENSOR is 
updated in accordance with the process illustrated in the 
flow chart of FIG. 6; and the variable AVE_SENSOR_24H 
is updated in accordance with the process illustrated in the 
How chart or FIG. 7. 

„ 0 Referring to FIG. 5, the periodic update of the variable 
THRESH_ VAL SENSOR in a preferred embodiment is 
described. First, this variable serves to determine the level of 
activity of the sensor at the end of step 260, that is to say 
after 128 cycles of sample measurement. It is used in 

2S addition for the calculation of variables REST_VAL„ 
SENSOR and AVE_SENSOR_24H. It is calculated of the 
following manner. If the value of AVE_SENSOR_ 
SIIORT_TERM is comprised within the limits bounded bv 
THRESH„VAL„SENSOR±THRESHOLD % (where the 
THRESHOLD % is a predetermined value, typically 

" 6.25%), then THRESH VAL SENSOR is not modified 
(steps 310 and 330). If, however, the value of AVE_ 
SENSOR_SHORT_TERM has become less than 
THRESH_VAL_SENSOR_THRESHOLD %, one consid- 

3J ers that the acquired (sensed) activity level has decreased, 
and one decreases then the variable THRESH_VAL_ 
SENSOR by a quantity THRESHOLD %, and resets to zero 
the counter COUNTER_MONTEE (steps 310 and 320), 
and if the value of AVE_SENSOR_SHORT_TEPM has 

40 become greater than THRESH_VAL_SENSOR+ 
THRESHOLD %, then one increases the counter 
COUNTER„MONTEE bv one count (steps 310, 330 and 
340) 

If the counter COUNTER__MONTEE reaches a prede- 

45 termined count value, e.g., 4 (a number chosen in an 
arbitrary manner, but corresponding to a typical situation), 
one considers that the sensed activity level has increased, 
and one increases then THRESH„VAL_SENSOR by a 
quantity THRESHOLD %, and resets to zero COUNTER 

5n MONTEE (steps 350 and 360). 

Referring to FIG. 6, the periodic update of the variable 
REST_VAL_SENSOR is described. The value REST_ 
VAL__SENSOR has a default value which is the previously 
deternined THRESH_VAL_SENSOR at step 410. 

55 But REST_VAI._SENSOR is nevertheless limited to 
two limits depending on then the value of REST_VAL_ 
SENSOR is set equal to the value of REST_VAL_MIN 
(steps 420 and 430); If REST VAL SENSOR is greater 
than REST VAI . MAX, then the value of REST_VAL_ 

60 SENSOR is set equal to the value REST_VAL_MAX 
(steps 420, 440 and 450). The determination of the values 
REST VAL MIN and REST_VAL_MAX are explained 
hereafter, with reference to FIG. 8, especially in the case 
where these values do not correspond to those established 

65 during the initialization phase (step 170). 

Referring to FIGS. 7 and 8, the determination of the 
variable AVE_SENSOR_24H is described. This variable is 
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first incremented in manner specified on Ihe flow chart of as in the manner illustrated in FIG. 10. In Ihis case, a counter 

FIG. 7, which is implemented during the course of step 260 CPT_REST is employed; it is reset to zero at the initial step 

of the process shown in FIG. 4. Following the value of 710 and incremented (step 790) each time that the device 

COUNTER_2 (a counter that can have only two values, determines that the patient is in a proven state of rest. If this 

e.g., 1 or 2), one increases the variable AVE SENSOR ' 5 situation repeats a predetermined number of times, desig- 

2411 by the value of AVE SENSOR_SHORT TERM at nated THRESH CPT 13 REST, typically on the order 12 

step 520 and one increments a counter COUNTER_ repetitions during the 24 hour period (step 800), then the 

GYGT FS ?4H m sien S4I1 value of STATE„SENSOR is set to "Rest" (step 770). In the 

' ( , - -y en fCTn opposite case, one re-initializes CPT_REST to 0 (step 810) 

At the end ol a period of 24 hours (step 280 of F G 4). and se(s S TATE_SENSOR to "Non-Rest" (step 780). One 

which is calculated Irom either an interna] I clock signal of the 10 wju ^ incidental , , hat the flow chart of FIG 9[7] 

dev.ee or trom a number ot iterations ol preceding phases corresponds ^ f acl lo a simplified version of that of FIG. 10, 

corresponding approximately to a duration of 24 hours, the w ; (n THRESH CPT REST=0. 

device updates the variable AVE _SENSOR_24H (step 290 ,„ an a u ernatjve embodiment, one can replace the counter 

ol I'IG. 4). incrementation and the test of the number of occurrences of 

The different operations resulting in this update of AVE_ 15 samples acquired, by a test conducted over a fixed period 

SENSOR 2411 are clarified in step 610 of FIG 8. More defined by the internal clock of the device, for example, a 

precisely, the variable AVE...SENSOR_24II takes the value fixed period of 10 minutes can be used to acquire the data 

of the average of the sum of AVE__SENSOR_24H estab- used to calculate the short term average, 

lished at step 520, an average that is calculated by dividing FIG. 11 illustrates an example of the evolution of the 

the total of the sum by the value COUNTER_CYCLES_ 20 different variables THRESH__VAL_SENSOR, AVE_ 

241 1 determined at step 540, as described above (FIG. 7). SENSOR SHORT TERM, REST _VAL SENSOR and 

At step. 610 (FIG. 8), the device then sets the values AVE_SENSOR_24H, over a 24 hour period as well as of 
REST VAL. MAX and REST . VAL_.MIN, calculated the activity criterion STATE_SENSOR determined accord- 
fro m preceding result by the value AVE_SENSOR_24H. ingly to the process of the invention. One can note that, 
I he maximal value, REST_VAL_MAX, of the REST_ 25 during the phase of sleep between 23:00 hours (11:00 pm) 
VALUE range, is set equal to AVE_SENSOR_24Hx(l+ and 6:00 hours (6:00 am), the variable STATE„SENSOR is 
THRESH MAX %), typically THRESH. MAX is a prede- preponderantly set to the state "Rest", and includes Non- 
termined value, e.g. 50%. The minimal value, REST_ Rest states. 

VAI. M1N, of the REST .VALUE range is set equal lo 'Hie information given by the variable STATE_SENSOR 

AVI: SLNSOR 24Hx(l -THRESH. MIN %). Typically -° thus will be able to be used by ihe device to trigger various 

THRESH. MIN % is a predetermined value and may be, functions necessitating or exploiting the knowledge of the 

e.g., 0. Rest phases of the wearer of the device. It will be apprcci- 

At the end of the step 610, AVE_SENSOR_24H and ated that by the use of additional thresholds, averages, and 

COUNTER CYCLES 24H are initialized to zero. 35 coefficients, multiple states of relative resl and activity may 

One will note that the determination of the variable " be defined for use by the device. 

REST VALUE, in combination with ihe two extreme varia- The EP-A-0 750 920 and its counterpart U.S. Pat. No. 

lion boundary limits REST_VAL_MAX and REST_ 5,722,996 and EPA-0 770 407 and its counterpart U.S. Pat. 

VAL. ...MIN (themselves dependent on the variable AVE_ No. 5,766,228 both commonly assigned to ELA Medical, 

SENSOR... 2411) allows to establish, in a manner perfectly 40 describe medical devices using combined information of a 

appropriate, the low point of the automatic calibration curve physiological sensor and a physical sensor, in particular a 

of the enslavement function that is described in the afore- minute ventilation sensor and an accelerometer, to determine 

mentioned EP-A-0 493 222, which is incorporated herein by a state of a activity or a state of rest of the patient. U.S. Pat. 

reference, where one will be able to make correspond to Nos. 5,722,996 and 5,766,228 are incorporated herein by 

define a relationship between REST VALUE and the Ire- 45 reference in their entirely. 

quency of stimulation Fc^ programmed by the therapist. Thus, having diagnosed an apnea, and having confirmed 

l"he "criterion of sensor activity" defined above, corre- that this apnea is a sleep apnea, one then can carry out a 

spending m a variable .STALL SLNSOR, is determined in calculation of an index of apnea. In this regard, when the 

accordance with the flow chart illustrated in FIGS. 9 or 10, apnea index exceeds a predetermined threshold, for 

depending on the type of enslavement sensor used. 5n example, more than ten apnea occurrences per hour (this 

Alter a phase of initialization (step 710) and alter a threshold number can, of course, be programmable to be 

number of cycles corresponding to the value of suitable for the particular patient), the presence of an SAS is 

COUNTER_SAMPLE_SENSOR, that is, typically after determined. As soon as an SAS is diagnosed, an electric 

32 cycles (steps 720 lo 750), the device compares the stimulation is Ihen applied to the patient to compensate for 

variable AVE SENSOR 2411 and AVE_SENSOR_ 55 Ihe harmful effects of Ihe SAS. 

SI IORT ..TERM (step 760). If AVE_ SENSOR_.SHORT_. The electric stimulation can be a muscular stimulation (as 

TERM is less than AVE SENSOR 2411, the device con- described, for example, in the EP-A-0 702979 mentioned 

siders that the average level of activity for that period is above or a neurological stimulation, to cause the immediate 

below the average level of activity over a period 24 hours, opening of the esophagus in order to allow inspiration. In the 

and, therefore, the patient is reliably determined lo be in a latter case, a neurological stimulation preferably will be 

proven rest state (for example, a nocturnal sleep phase). The applied only during the inspiratory phases of the patient's 

device then sets the value of STATE_SENSOR to "Rest" breathing cycle so as not to disturb the expiratory phase, 

(step 770V In ihe opposite case, il considers thai there is no One also can envisage an embodiment whereby a stimu- 

resl, that the patient is alert and active, and sets the value of lation is delivered only if the inspiratory period exceeds a 

STATE SENSOR to "Non-Rest" (step 780). 6 5 preset value, for example, six seconds. 

For a non-physiological sensor (for example, a sensor of Further, in the preferred embodiment, the electric stimu- 

acceleration), the flow chart of FIG. 9 is slightly modified, lation is a cardiac stimulation, for example, to accelerate the 
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heart rale (frequency) of Ihe myocardium, to compensate for 
the effects of the SAS. Such a cardiac stimulation will be 
applied to as soon as an SAS is diagnosed, by increasing the 
stimulation frequency by a few beats per minute (typically* 
10 bpm), compared to the natural sinusal rate of the patient. 
The number of beats is preferably at least 10 beats higher. 
Such a device includes means for determining, a cardiac rate 
of the patient. The stimulation at the higher rate is applied 
for a given period of time, for example, sixty seconds and 
afterwards the device reverts to the former mode of 
operation, e.g., the lower stimulation frequency. It also 
should be understood that the increased cardiac stimulation 
can be applied together with a muscular and/or a neurologi- 
cal stimulation in response to a determined SAS. 

A first sensing circuit determines a state of activity of the 
patient. This determination may be made, for example, by 
comparing the first sensor output signals to predetermined 
criteria which is a calculated value representative of a 
patient state of activity, in which case the state of activity of 
the sensor is determined. Alternatively, the first sensor 
circuit may compare the parameter calculated from the first 
sensor output signals to a predetermined criteria which is a 
calculated value representative of a patient state of activity 
in which case the activity level of the patient is determined. 
In each case, the predetermined criteria is representative of 
a stale of rest of the patient, such that it is used to discrimi- 
nate a level of patient activity corresponding to rest from a 
level of activity corresponding to non-rest. 

The sensing circuit comprises substantially all of logic 
and hardware elements required to operate the sensor to 
sense Ihe paramelei and produce output signals correspond- 
ing to the sensed parameter, and lo deliver a signal utilizable 
by the main circuit of the pacemaker. The main circuit 
includes a microprocessor and memory (RAM and/or 
ROM), as well as conventional latches, registers and power 
supplies (not shown) for processing the information for the 
enslavement of the stimulation frequency. 

Furthermore, the preferred embodiment of the process 
described herein is implemented in an architecture including 
a microprocessor having associated software instructions 
stored in memory (ROM) and analog and digital logic 
circuits that are themselves known. Such an architecture is, 
for example, employed in dual chamber cardiac pacemakers 
sold under the trade name CHORUS, manufactured by ELA 
Medical. 

Although it does not present all of the advantages of the 
preferred solution with a microprocessor, a design in hard- 
wired discrete circuits having dedicated logic ciicuits is 
nevertheless perfectly foreseeable, and equally within the 
framework of the present invention. 

One skilled in the art should understand that the invention 
is not limited to the disclosed embodiments, which are 
presented for purposes of illustration and not of limitation. 

1. A cardiac stimulation device for treating Ihe syndrome 
of the sleep apnea of a patient by electrostimulation com- 
prising: 

means for measuring the respiratory activity of the patient 
having an output signal representative of the patient's 
respiratory activity- 
means for analyzing the patient's respiratory activity 
according to the output signal from the respiratory 
measuring means to determine an occurrence of an 

means lor determining a cardiac rate of the patient, 
including a second rate in the absence of a determined 
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means for stimulation, controlled by the analyzing means, 
to apply selectively to the patient cardiac stimuli at a 
first rate in the event of a detection of an apnea, said 
first rate being higher than the second rate; 

5 means for determining a state of activity of the patient, 
said state being selected, according to predetermined 
criteria, from among a first value representative of a 
sleep state of the patient and a second value represen- 
tative of an awake slate of the patient; 

] 0 wherein the stimulation means is applying to the patient 
cardiac stimuli at the first cardiac rate only during a 
determined sleep phase. 

2. The device of claim 1 in which the stimulation means 
stimulates in response to being triggered at the first rate, 
wherein the first rate is at least 10 beats higher than the 

' second rate. 

3. The device of claim 1, in which the analyzing means 
detects an occurrence of successive apnea during a sleep 
phase and determines an occurrence of a syndrome of apnea 
of the sleep when the number of apnea delected during a 

20 given period of time exceeds a predetermined threshold. 

4. The device of claim 1, in which the means of deter- 
mination of a state of activity further comprises analyzing 
the output signal from said measuring means. 

5. The device of claim 1, further comprising an auxiliary 
25 measuring means for measuring a slate of activity of the 

patient; wherein the means for determining Ihe slale of 
activity further comprises means for analyzing the output 
signal from the auxiliary measuring means, said auxiliary 
measuring means output signal being distinct from said 
30 means for measuring of Ihe respiratory activity of the 
patient. 

6. The device of claim 1, further comprising an auxiliary 
means for measuring a state of activity of the patient, 
wherein said auxiliary measuring means further comprises 

35 an accelerometer. 

7. The device of claim 1, wherein the means for measur- 
ing the respiratory activity of Ihe patient further comprises 
a minute ventilation sensor. 

8. The device of claim 1, wherein the means for measur- 
40 ing the respiratory activity of the patient further comprises 

a sensor of oxygen saturation of blood. 

9. A cardiac stimulation device for treating a sleep apnea 
syndrome of a patient by electrostimulation comprising: 

means for determining a state of activity of the patient, 
said state being selected, according to predetermined 
criteria, from among a first value representative of a 
sleep stale of the patient and a second value represen- 
tative of an awake state of the patient; 
50 means for measuring the respiratory activity of the 
patient; 

means for determining an occurrence of an apnea based 

upon said measured respiratory activity; 
means for determining a cardiac rate of the patient during 
S5 an identified sleep stale as a second rate; 

means for providing a first rate for cardiac stimulation as 
the second rate incremented by a first number of beats 
per minute; and 
means for selectively applying cardiac stimulation al said 
60 first rate to the patient in response lo a determined 
apnea during a sleep state. 

10. The device of claim 9 wherein the first number of 
beats is at least 10 beats per minute. 

11. The device of claim 10 wherein the first number of 
65 beats is 10 beats per minute. 

12. The device of claim 9, wherein the apnea determining 
means determines an occurrence of successive apnea during 
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a sleep phase and delermines an occurrence of a syndrome a cardiac stimulator having a second cardiac stimulation 
of sleep apnea when the number of apnea detected during a rale output corresponding to the determined first car- 
given period of time exceeds a predetermined threshold. diac rate incremented by a first number of beats per 

13. The device of claim 9, wherein the means for deter- minute, said stimulator applying cardiac stimulation at 
mining a state of activity further comprises means for 5 said cardiac stimulation rate to the patient in response 
analyzing the measured respiration activity. to a determined apnea and the patient activity monitor 

14. The device of claim 9, further comprising an auxiliary producing the first state output. 

measuring means for measuring a stale ol activity of the 22 The device of daim 21 wherein the first number of 

pane, huvi„g oulpul signal; wherein .he means for deter- ^ js aJ ^ 1() beats mfaute . 

mming the state of activity further comprises means for to ^ ^ devic£ of claJm 22 ^ fifst number of 

analyzing the output signa 1 .m Ih luxiliary measuring beats is iO beats per minute. 

dis.inc, l^m^dvL^Z"!^^!^^^ „ 24 device of claim 21 wherein the apnea detector 

activity of the patient. has a Predetermined count and a given time period and 

15. The device of claim 14, wherein said auxiliary means 15 determines an occurrence of a syndrome of s eep apnea 
for measuring a state of activity further comprises an accel- occurrences when the number of apnea detected while the 
eromeler. patient activity monitor produces the first state output during 

16. The device of claim 9, further comprising an auxiliary "he given period of time exceeds the predetermined count, 
means lor measuring a state of activity of the patient, 25. The device of claim 21, wherein the patient activity 
wherein said auxiliary measuring means further comprises 20 detector further comprises means for analyzing a respiratory 
an aceelerometer. activity monitor output. 

17. The device of claim 9, wherein the means for mea- 26. The device of claim 21, further comprising an auxil- 
suring the respiratory activity of the patient further com- iary patient activity monitor distinct from said respiratory 
prises a minute ventilation sensor. activity monitor having a second activity output correspond- 

18. The device of claim 9, wherein the means for mea- 25 ing to a state of activity of the patient; wherein the means for 
suring the respiratory activity of the patient further com- determining the state of activity further comprises means for 
prises a sensor of oxygen saturation of blood. analyzing the second activity output in determining the 



19. The device of claim 9, wherein the means for selec- 



patient's activity si 



lively applying cardiac stimulation at said first rate applies 2 7. The device of claim 26, wherein said auxiliary patient 

sa.d first rate lor a predetermined time. *. , C|1V||V monilor further comprises an aceelerometer. 

20. The device of claim 9 wherein the means lor deter- ^ ^ devkx of c]aim ^ ifat 

mining said second rate further comprises means for deter- a moni(or ^ an dcctrodc . a cuf . 

mining a nalura sinusal rale ol lie patient. /. 

° ,. i rent injector connected in the electrode pair, a voltage 

21. A cardiac stimulation device lor treating a sleep apnea , , , , , A ,, 
syndrome of a palienl In electro I i uprising 35 dctector connecled t0 . tbe electrode P air - and a controller 

... . ... operating the current injectoi to inject a current pulse and the 

' corres ™dto>\Tv&x-> sWcof ^-«km3 dawdle V0,lage detector t0 deled a voltage in response to the 
'" 11 ' 1 Uli ' ," ' ,' i i in whei n k ntrollei cul I I minute ventila- 

stalc ol the pal ic ill , said detector monitoring palienl 



iiuiviiv t iuu uiouucmg a mai .s«ue OUtpUl when the . . - 

patient is in a sleep stale and a second slate ou, P u, when •»,) 29. lite device of cla.m 21, wherein the respiratory 

[he palienl is in an awake slate; aetivil y ™° r hjr,her uprises a sensor of oxygen satu- 

. . ration ol blood. 

a respiratory activity monitor havmg a first activity output 3fJ Jhe device Qf c)aim n wherein [he cardiac stimu]ator 

corresponding to a patient's respiratory activity; appljes cardiac stimulation al said cardiac stimu iation rate 

an apnea detector responsive to said first activity output 4J f or a predetermined time. 

for determining an occurrence of an apnea based upon 31. The device of claim 21, wherein the cardiac rate 

said palienl respiratory activity; monilor delermines a natural sinusal rate of the patient as 

a cardiac rate monitor for determining a first cardiac rate said first cardiac rate, 
of the patient in response to the patienl activity monitor 

producing the first slate output; ***** 



lion based on the delected voltages. 
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